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The heart of the system...a Milton 
Roy “aiROYmetric” Controlled Vol- 
ume Pump, Model AC. This meter- 
ing instrument, a simplified design 
of larger “aiROYmetric” units, has 
@ maximum capacity range from 
.04 to 37 gallons per hour against 
pressures to 6000 pounds per 
square inch. Capacity can be varied 
from 0% to 100% during operation. 





Bulletin 1053, “Air-Powered Controlled 
Volume Pumps,” and Technical Paper 62, 
“Controlled Volume Pumps in the Petroleum 
Industry” give you complete information. 
Send for your free copies. 


A Milton Roy Proportional Read 


flow rate. The controller emits ef 
trical impulses in proportion to fles 
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MILTON ROY CONTROLLED VOLUME PUMP 


HERE’S HOW THEY SOLVE ANOTHER 
LOW-CAPACITY FLOW CONTROL PROBLEM 


Controlled Volume Pumps are the simple and economical 
solution to many flow control problems. These include: meter- 
ing and pumping of small quantities of chemicals and slurries 
--- accurate ratioing of two or more chemical streams... 
precise automatic control of process variables, such as pH. In 
these applications Controlled Volume Pumps are final con- 
trol elements. 

Typical refinery applications include sampling and desalting 
of crude oil, metering additives to gasoline for octane appre- 
ciation, and automatic pH control of cooling tower water. 

Solve your low-capacity flow control problems. Sizing of 
equipment, proper instrumentation, panelboard design and 
construction, and all other engineering details are part of the 
complete engineering service aveilable to you from Milton Roy, 
at no extra cost. 
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CONTROLLED VOLUME PUMPS AND AUTOMATIC CHEMICAL FEED SYSTEMS 
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that complement the high quality 


of fine electronic equipment 


Available in all the types, sizes, and ranges for all 
electroniand electrical built-in requirements se 
including @pproved ruggedized panel instruments. 
Complete literature on request... WESTON 
Electrical Instrument Corporation, 614 Frelinghuysen 


Avenue, Newark 5, New Jersey. 
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For flow measurements— 
the HONEYWELL 
DIFFERENTIAL 
CONVERTER 


is better than ever 


New CONSTRUCTION features now make the 
Honeywell Differential Converter, more than 
ever, the standard of performance for remote 
measurements of flow and differential pressure. 


It’s more accurate than ever . . . has improved 
linearity of response. It’s more stable, with a 
larger dashpot and heavier oil to smooth out 
spurious line fluctuations. And it’s even more 
rugged . . . can take overloads of many times 
normal pressure without damage to the dia- 
phragm or impairment of precision. 

More than ten thousand Honeywell Differential 
Converters have been installed on an ever 
broadening variety of applications . . . on pipe- 
lines, in conjunction with graphic instrumenta- 


tion, and in scores of other uses which need 
accurate, flexible remote transmission of meas- 
urements. 


You can see what’s behind this industry-wide 
acceptance, by checking the Differential Con- 
verter’s outstanding features described on the 
opposite page. You can find out even more by 
testing it yourself, under any operating condi- 
tions your plant may present. And for a per- 
sonal discussion of your individual process 
requirements, call your local Honeywell sales 
engineer . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim Aves., 
Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for new Bulletin 2290, “Honeywell Differential Converters.” 
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HE journal of a technical society has a three- 

fold responsibility to its member-readers. It 
has the basic responsibility to technically appraise 
and publish information and 
educational material for its 
readers in the field of their 
interest. Its second obliga- 
tion is to provide an outlet 
and means of recognition for 
the technical contributions of 
the society’s members. Its 
third function, and one which 
further distinguishes it in its 
objectives and unique capa- 
city to serve, from all other 
journals in the same or corol- 
lary fields, is its service as a 
medium of communication between the society and 
its members. 

The mission of the ISA JOURNAL is to pro- 
vide information and educational material, 
thoroughly reviewed by technically competent per- 
sonnel, with respect to specification, design, con- 
struction, selection, operation, and maintenance of 
all types of instrumentation equipments for use in 
production and research. 

Its advertisements are informational and edu- 
cational in that they tell the reader what are, the 
latest equipments and who makes what. 


The regular monthly features provide a con- 
venient way for its readers to keep up with the 
literature, new techniques, ISA Society activities, 
and to keep tabs on the status and progress of the 
instrument manufacturing and user industries. 


Through its pages the ISA JOURNAL affords 
every member an opportunity to contribute to the 
growing science and art of Instrumentation. The 
increased space made available through the pub- 
lication of ISA’s own journal provides greater 
opportunity for the shop and lab kinks to find the 
light of the printed page, for the individual who 
makes an interesting development or discovery, to 
bring it to the attention of his co-workers in other 
plants and industries, and to gain the recognition 
which he deserves—recorded in black and white 
for all time. 

As a medium of communication between the 
Society, as a living, potent force in modern Instru- 
mentation, and the individual member, the ISA 
JOURNAL can have no equal. It puts every mem- 
ber in direct contact with his Society, its officers, 
and its activities. The entire operation of the So- 
ciety is exposed to the reader in a way which 
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encourages him to contribute, to criticize, to assist, 
and take advantage of every activity and poten. 
tiality inherent to the Society’s structure, pro- 
gram, and plans. 

The JOURNAL can be of material assistance 
to the Society in fostering a fraternal bond of ¢o- 
operation and mutual dedication to progress 
among its members. 


These are the responsibilities and opportuni- 
ties of the ISA JOURNAL. The Society Officers, 
the editorial staff, and everyone connected with 
its production are giving their best in an effort 
to make the ISA JOURNAL a significant con 
tributor to the Field of Instrumentation, and par. 
ticularly te each of its individual member-readers. 

We hope that the ISA JOURNAL will justify 
your cultivating an JSA JOURNAL habit of reg- 
ular, monthly, cover-to-cover reading. The Jour- 
nal habit will help keep you posted in your field, 
suggest ideas which may be useful to you if 
furthering your Company’s and your own inter 
ests, acquaint you with the personnel and organi- 
zation of the Society and its work so that you can 
realize more benefits from your membership it 
ISA by profiting from their work and your own 
participation. 

The pages of the ISA JOURNAL are open t 
all who have something to contribute. In order 
for it to be of maximum service to its readers, the 
ISA JOURNAL needs the active support and com 
tributions of individual members, local sections, 
National Committees and Officers, corporate mem 
bers, advertisers, and every instrument apprentice 
throughout the grass roots of America who hasa 
legitimate criticism to offer. 

I extend, then, a personal, open invitation 
any of the above individuals or gr: us, to 

(a) constructively criticize any phase of the 

ISA JOURNAL or its operation 

(b) forward suggestions as to how it can it 

improved 

(c) contribute to its pages 

(d) share in the benefits to be derived from 

the ISA JOURNAL Habit. 


{refi 


Editor , 


P. S. If any of our readers have editorial ambitions and would 
to serve the Society, the ISA JOURNAL organization is young 
flexible and we would welcome your assistance. 
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Quality of Research 


By C. F. LUCKS* 


HE instruments used in a research 

institute are of many kinds and 
types. Those present in any given 
organization will depend upon the fields 
of research in which the particular 
laboratory is active. Regardless of the 
number of instruments and fields of re- 
search, all research organizations are 
interested in the optimum use of their 
instruments and the quality of their 
data. 

The quality of research data depends, 
to a large degree, upon the diligence 
that is practiced in the calibration of 
the instruments. In a small research 
organization this responsibility is gen- 
erally discharged by the personnel using 
the instruments. As the size and fields 
of activity of a research organization 
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ga} ‘merease, certain instruments become 
common to a number of the laboratories 
to within the organization. and centraliza- 
tion of the calibrating facilities is de- 
sirable from the standpoint of increased 
the economy and output. 


Optimum use of the instruments in a 
be research organization depends largely 
| Upon their existence and location being 
known to the research personnel and a 
} Willingness on the part of this person- 

n Nel to share their use. The day-to-day 
4} MNtacts of the personnel in a small re- 
Search organization are, in general, 
Sufficient to assure the optimum use of 
. - instruments. As the size and scope 
: 4 research organization grow, this 
becomes less and less true and consid- 
erable research time is lost in obtaining 
— which are avi.iable in 
laboratories within the organiza- 











‘Supervisor, Instruments Division, Battelle 
Memorial Institute, Columbus, Ohio. 
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tion. The obvious answer is to place 
those instruments not in use in a cen- 
tral pool, particularly those instru- 
ments having a wide use in research. 
There would be little, if any, advantage 
in establishing a central pool for those 
instruments which are more-or-less per- 
manently located because of their con- 
tinuous use or specialized nature. 


A research organization must, there- 
fore, at sometime during its growth, face 
the problem of establishing an instru- 
ment group to obtain optimum use and 
reliable data from its instruments. 
How and when such a group should be 
formed is difficult, if not impossible, to 
answer. A bibliography containing 
some 80 publications on starting an in- 
strument group has been presented by 
M. H. Behar in the June 1952 issue of 
Instruments, Volume 25, pages 717-718. 
There is no known publication dealing 
with when a separate instrument group 
should be formed. Based on our exper- 
ience, it appears that about 250 instru- 
ments should be involved before such a 
group is established. The personnel re- 
quired in the operation of an instru- 
ment group appears to be 1 for about 
every 200 to 300 instruments serviced. 


The organization of an instrument 
group should be directed to one end— 
service to augment the research work of 
the parent organization. The diversi- 
fied activities found in different re- 
search organizations means that, in 
general, no two instrument groups will 
be organized and operated alike. 


Certain services, however, will be 
common to most instrument groups. 
These are the loan, calibration, and re- 
pair of the instruments for which the 
group is responsible. An important 
item associated with these services is 
the keeping of proper records. These 
should be as complete as possible and 
should require a minimum of paper 
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Presented here are the second set of the six papers of the Con- 
ference Panel Discussion on ‘“‘Instrumentation in Research and 
Development”’ on Sept. 24, 1953 at the Instrument Society of 
America Eighth National Instrument Conference and Exhibit held 
The first three papers were published in February 


work. The use of printed forms is high- 
ly recommended. 

Other services which an instrument 
group may render include: assistance 
to research personnel in the selection of 
instruments, instructions on the use of 
instruments, research on instruments, 
trouble-shooting, keeping records of 
calibrations made by research personnel 
not directly associated with the instru- 
ment group, and maintaining an infor- 
mation file consisting of pertinent 
manufacturers’ literature, as well as in- 
formation on all of the research organi- 
zation’s instruments. The extent to 
which each of these services is pursued 
should be gaged by its need, expressed 
in terms of effecting an economy in the 
over-all operation of the research or- 
ganization. For example, it would be 
uneconomical for an instrument group 
to provide for the calibration of a par- 
ticular instrument if only one such in- 
strument existed in the research or- 
ganization. The most economical ap- 
proach in practically all such instances 
is to use the services of the manufactur- 
er, his representative, or an outside 
laboratory equipped to make the partic- 
ular calibration. 


The services and operation of the in- 
strument laboratory at Battelle are de- 
scribed in detail by O. L. Linebrink and 
the author in the Proceedings of ISA, 
Volume 7, 1952, pages 293-297. Four of 
the five advantages given there for an 
instrument group are concerned, to 
some degree, with obtaining optimum 
use and reliable data from the instru- 
ments of a research organization. These 
are two important items relating to the 
use of instruments in a research insti- 
tute and greatly influence the estab- 
lishment and operation of an instru- 
ment group in such an organization. 


(The fifth article of this Panel Discussion is 
continued on the following page.) 
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Instrumentation in 


Problems in Research 


By DR. W. G. BROMBACHER* 


search and development are many 
and varied, but may logically be sub- 
divided as follows: 

a. Difficulties in selecting the best 
principle upon which to base an in- 
strument for a particular measurement, 

b. Difficulties in securing basic infor- 
mation on which to base a design, and 

ce. Difficulties in assessing the abso- 
lute accuracy of instruments, which in 
the last analysis is due to the lack of 
adequate instrument standards. 

While all of these problems are im- 
portant, those listed under a. and b. are 
perhaps more evident to most engineers, 
while item c. is often not given adequate 
consideration until trouble develops. 
Research results are limited by the ac- 
curacy of the instrumentation. All too 
often researchers take the indication of 
instruments as gospel without inquiry 
into their errors or effect of same upon 
the validity of their research results. 

My discussion will be confined to the 
standards problem, restricted to the field 
of pressure and humidity measurement 
to which my experience has largely been 
limited. Standards are also inadequate 
in one corner or another of other fields 
of measurement, such as fluid flow, mi- 
croweighing, some electrical quantities, 
force, vibration, and possibly tempera- 
ture. Possibly the most acute lack is in 
dependable standards for dynamic cali- 
brations in the various fields of meas- 
urement. 

Instrument standards, in contrast 
with a standard meter bar or weight, 
are loosely defined as more accurate 
instruments used to calibrate other in- 
struments. Perhaps, more significantly, 
a standard instrument is one whose in- 
dication, together with other measure- 
ments of primary quantities, such as a 
length or a temperature for control pur- 
poses, permit the accurate calculation of 
the measured quantity. On this view, 
for example, a liquid column may be a 
standard, but a bourdon-tube pressure 
gage is excluded. However, a calibrated 
bourdon-tube pressure gage is often 
called a working or secondary standard 
when used to calibrate pressure gages. 
It is obvious that the accuracy of a 
standard instrument may depend upon 
ealibration of some of its components. 
A standard instrument as defined above 
may be used to make measurements in 
a research or development project in 


Sanlu Gan toven problems in re- 


*Chief, Na- 
tional Bureau of Standards, Washington, D. C. 


Mechanical Instruments Section, 
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order to secure the necessary accuracy, 
as well as for calibrating other instru- 
ments. Instruments which require cal- 
ibration are genera'ly more convenient 
te use. 

Two situations can be recognized. 
First, standards are available; but the 
never ending problem is to extend their 
accuracy one decimal point further and 
their range upward or downward in 
order to keep them in step with the 
advances in sensitivity of instrumenta- 
tion for use in industry and science. 

Second, no satisfactory standard in- 
strument is available; so instruments 
must be calibrated by indirect methods. 

It is pertinent at this point to discuss 
briefly the basic methods for measuring 
pressure and humidity. 

In pressure measurement, standards 
are normally based on two devices, the 
liquid column in its various forms and 
on the piston gage. In using the liquid 
column, the measurements to be made 
are the height of the column and the 
specific weight of the liquid. The 
specific weight of the liquid and the 
product of density and gravity are 
physical constants which must have 
been determined to the required ac- 
curacy. Many auxiliary measurements 
must be made to correct for minor but 
significant errors or deviations from de- 
fined conditions. The limiting factors 
in obtaining accuracy are the precision 
to which the height of the column can 
be measured, the accuracy to which the 
temperature of the liquid and scale can 
be controlled or measured, the degree to 
which surface tension effects can be 
eliminated by correction or design, and 
upon the degree to which the pressure 
can be maintained constant. In some 
designs multiplication of the column 
height is achieved, necessitating addi- 
tional measurements to determine the 
multiplication, the accuracy of which 
also limits the overall accuracy. 

With the piston gage the pressure is 
determined by a knowledge of the pis- 
ton. In determining the effective piston 
area, the piston-cylinder clearance and 
the distortion of the piston and cylinder 
at the higher pressures require consid- 
eration in accurate work. The value of 
gravity must be known in order to de- 
termine the weight. The accuracy is 
also affected by temperature, buoyancy, 
and liquid level effects. 

Standardization of humidity measure- 
ments is effected by dew-point meas- 
urement, gravimetric determinations of 
water vapor in a gas sample, or the 












Dr. W. G. Brombacher 
widely used dry-and-wet-bulb thermome 
ter. Determining the dew-point of a gay 
sample requires the measurement of 4 
temperature of a surface; to conver 
dew-point to absolute humidity, thy 
saturation vapor pressure of wate 
against temperature must be know 
and to convert to relative humidity m 
quires, in addition, the measurement of 
the initial temperature of the gas gam 
ple. Limitations upon accuracy ap 
those in the temperature measurements 
the difficulties in associating a megs 
ured temperature with the dew-point 
and the inherent difficulty in deciding 
whether the deposit formed on th 
cooled surface at temperatures below 
zero C is ice or supercooled water. 

In gravimetric measurements a chem 
cal which absorbs water vapor almost 
completely and nothing else is used t 
remove the water vapor from the ga 
sample. The total volume, pressurg 
temperature of the gas sample, and th 
weight of the absorbed water vapor ate 
the information required to compute th 
humidity. The overall accuracy is pat 
ticularly affected by variations in th 
pressure and temperature of the gf 
sample during the period of time 
quired to absorb water vapor in a qual 
tity sufficient to weigh accurately. ff 
is also practical to freeze out the wal 
vapor from a gas sample to any @ 
sired degree and weigh the amoul 
frozen out. 

The lack of adequate standards & 
these two fields of measurement may® 
broken down into two cases: 

1. The standards are not as sensitit 
or accurate as the instruments D0 


available. Examples are: 
a. Absolute pressures—1 to 10 mm@ 
mercury 
b. Absolute pressures—below 1 mm ot 
mercury 


c. Absolute pressures—10 to 1000 m@ 
of mercury 

d. Absolute or differential pressure 
15 to 50 psi 

e. Differential pressures — below 
inch water 

2. No standards are available for @ 

ibrating instruments: 








a. Pressures—above 200,000 psi 
b. Dynamic pressures — frequencé 
above about 5 cps 
Humidity—below zero C 
These various examples will now 
discussed briefly. 
la. Mercury and aneroid barom 
are now available which range dowl® 
absolute pressures of about one ® 














ISA Jo 


SEGEEZEESSSERESS 


1b. 









Lae 


Bee eR aBES FR FsSBe Rt ZFRAE SSF RFER EA mw 


: 
biol 





oe 29 





of mercury. In the case of the 

the accuracy claimed is equiv- 

s 05 mm of mercury, while the 
Beers is .01 mm. The pps 
parometer available for these calibra- 
dons at the National Bureau of Stand- 
has an accuracy of about 0.03 mm 
‘mercu ry with perhaps lesser accuracy 
low 10 ae of mercury. To meet this 
, development of a standard is 
for this range, presumably 

based upon means for measuring the 
height of the mercury column to greater 
on and accuracy. Such means 

have been developed for other applica- 
tioas and appear feasible for adaptation. 

1b. The range here specified, below 1 
mu of mercury, is generally considered 
to bc in the field of vacuum measure- 
ment. The McLeod gage, essentially a 
liquid column with a deflection multi- 
plier, is the standard commonly used 
down to its pressure limit, normally 
about 10° mm of mercury. General con- 
siderations indicate that its accuracy is 
about 5 per cent. With the advent of 
diaphragm-type vacuum gages with in- 
ductance or capacity pickups, an ac- 
curacy of one per cent or better may be 
feasible, at least down to 0.001 mm of 
mercury. The question of a standard is 
unresolved, but the diaphragm-type gage 
may be a solution. If the sensitive 
diaphragm required here is deflected by 
changing its orientation with respect 
to gravity and its weight and dimen- 
sions are known, the pressure corre- 
sponding to its deflection can be cal- 
culated. 

lc. This range of absolute pressure, 
10 to 1000 mm of mercury, is covered by 
a mercury barometer. The standard 
barometer available at N.B.S. for cali- 
bration work, with proper techniques 
and application of a multitude of fine- 
grained corrections, has a probable error 
of a single observation of 0.03 mm of 
mercury (roughly 0.001 in. of mercury). 
This accuracy may be insufficient for 
the highest class of aneroid barometers 
(not ordinarily obtainable), and per- 
haps for portable temperature-con- 
trolled, automatic digital-reading mer- 
cury barometers, when developed some- 
what further. Other standard barom- 
eters have been built for special applica- 
tions which have an accuracy and a pre- 
cision of reading one order better than 
the above, but inevitably the labor of 
making a calibration will become a 
minor research. 

The chief reason for discussion of this 
Pressure range is to bring out that the 
best of Fortin barometers in a tempera- 
tirecontrolled room have an average 
deviation of a single observation not 
better than about 0.002 in. (0.05 mm) 
‘Of mercury, and under most conditions 
ofuse is less accurate. For fixed cistern 
barometers, this average deviation is 
Measurably larger. The scales of port- 
able barometers are often graduated to 

readings to a sensitivity of 0.001 
inch, but the inference that the accuracy 
0.001 inch of mercury cannot be 
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is intermediate between that accurately 
and conveniently covered by use of a 
standard liquid column or by a piston 
gage. While a good estimate of the ac- 
curacy of the piston gage is 0.01 per 
cent, it is not this good in this range. 
On the other hand, the proportional ac- 
curacy of the liquid column increases 
with height, if adequately sensitive 
height-measuring means are employed 
and temperature equilibrium secured. 
For these reasons use of a mercury 
column appears indicated. This is, 
however, inconvenient to use because 
of its height (about 3 meters), but the 
inconvenience can be overcome in some 
measure by some design tricks. 


The way to a satisfactory standard is 
clear, but demands for higher accuracy 
from absolute and differential gages in 
this range are increasing, and to meet 
them more and more attention must be 
given to design and operational details 
to obtain the requisite accuracy. We 
have come to the point that readings 
must be made on a calibrated scale 
equipped with a vernier, with additional 
improvements in the offing. 

le. In this range of small differential 
pressures, below about 0.1 inch of water, 
great strides in designing instrumenta- 
tion with extreme sensitivity have been 
made by laboratories for diverse ap- 
plications. The lag in obtaining ade- 
quate standards for calibration in the 
various laboratories is perhaps the most 
striking. A number of adaptations of 
the liquid column to secure high and 
measurable multiplication of the actual 
height, gasometers in which the dif- 
ferential pressure is measured by a 
change in weight, fluid columns of dif- 
ferent density, and the diaphragm gage 
calibrated as mentioned in 1b., are pos- 
sible solutions for specific ranges. In 
many cases, their inconvenience of use 
is,a serious handicap. These possible 
standards, largely unavailable commer- 
cially, have been sporadically experi- 
mented with, but the problem in its en- 
tirety requires further study and experi- 
mentation. The job seems to be in 
the scope of the functions of the N.B.S., 
but conditions do not permit it to be 
undertaken at present. 

2a. At present N.B.S. is actively en- 
gaged in getting standards into shape 
in the range 50 to 200,000 psi. Details 
are given in the paper by Johnson and 
Newhall in the recently issued A.S.M.E. 
publication on “High Pressure Measure- 
ment.” 

For higher pressures above this range, 
including shock waves, there is no 
standard. Extrapolation of the calibra- 
tion of manganin wire resistances 
secured on existing standards is one 
method of measurement followed. Pis- 
ton gages may ultimately be developed 
to extend to higher ranges when needed 
by industry. 

2b. Neither the liquid column nor the 
piston gage can be used to measure 
dynamic pressures. A static calibration 
can be made, and suffices, on limited 
types of gages used to measure pres- 
sures varying at rather low frequency. 


Indirect means must, in general, be used 
to determine their dynamic response. 
The determination of the natural fre- 
quency of the pressure element is in- 
sufficient to determine the dynamic re- 
sponse in most cases, since the means 
used to secure the indication may have 
a restricted frequency response. One 
scheme is to subject the pressure ele- 
ment to a sudden pressure step and ob- 
serve the ensuing indication. This has 
been made possible by the development 
and growing use of the shock tube, in 
which a suddenly released gas pressure 
travels down the tube with sonic ve- 
locity. The pressure step generated can 
be held reasonably constant for suffic- 
ient time to give a base line for refer- 
ence and perhaps to measure the pres- 
sure by selected means. 

2c. Continuous reliable measurement 
of relative humidity down to tempera- 
tures of -40C to -50C is desirable, par- 
ticularly in meteorology and aeronau- 
tics. At temperatures above about zero C 
secondary instruments, such as the dry- 
and wet-bulb thermometer, and possibly 
the more elaborate forms of the electric 
hygrometer, are widely relied upon as 
working standards. With the dry- and 
wet-bulb psychrometer, a one ‘per cent 
change in relative humidity is roughly 
equivalent to a wet-bulb depression of 
0.2C at 25C and 0.03C for ice at —10C. 
The increasing loss in sensitivity of the 
dry- and wet-bulb psychrometer as tem- 
perature decreases is evident and to- 
gether with other difficulties makes it of 
little use as a standard at low tempera- 
tures. The electric hygrometer also 
loses sensitivity and greatly increases in 
time lag with decreases in temperature. 
Neither instrument is suitable as a 
standard in the temperature range much 
below zero C. 

The dew-point indicator is an accept- 
able standard instrument and has been 
so used in scientific work. Types in 
which the dew-point depends upon visual 
observation and consequent manual op- 
eration of the temperature controls are 
inconvenient to operate and time con- 
suming, especially at low temperatures. 
Dew-point indicators which indicate au- 
tomatically in their present forms are 
unreliable for precise work at low tem- 
peratures. At low temperatures, as has 
been stated earlier, there is the funda- 
mental difficulty that either dew or ice 
may form on the cold-detecting surface; 
to distinguish between these is difficult 
and, at best, there is often some uncer- 
tainty. 

One procedure for calibration is to 
devise methods of obtaining air with a 
known relative humidity. At N.B.S., 
three methods have been developed: a. 
dry air at a constant temperature is 
divided into two parts, one part sat- 
urated over ice, and then recombined 
into a mixture, the relative humidity of 
which is calculated; b. air is saturated 
at one temperature and heated to anoth- 
er temperature, the two temperatures 
(and pressures) determining the rela- 
tive humidity; and c. air is saturated 


(Continued on Page 10) 
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at a high pressure, reduced to a lower 
pressure to give a relative humidity 
determined from the initial and final 
pressures and temperatures. All of 
these methods are workable down to 
—40C. 


Two developments as possible stand- 
ard instruments at low as well as room 
temperature are in progress: a. a hy- 
grometer based on the difference in 
dielectric constant of water vapor and 
air at a definite wave length in the 
microwave region, and b. a hygrometer 
based on the absorption of light at a 


definite wave length in the infrared 
region. The microwave hygrometer is 
being developed at N.B.S., the spectro- 
scopic hygrometer, at the U.S. Weather 
Bureau. The microwave hygrometer 
may prove to be a primary standard 
and the spectroscopic hygrometer, a 
secondary standard. ‘hese promising 
developments may solve the problem. 

In conclusion, the development of 
adequate standards is a live problem. 
Measurements are continuously being 
made with greater sensitivity or are be- 
ing extended in range. Standards must 
keep pace. 


PRESSURE MEASUREMENT 


Potential 





accuracy at 
Primary Instruments full scale 
Maximum ranges er Sieg 
Differential temperature gas column — 10 microns mercury 0.5 
Tilting of metal diaphragm — one mill brass _, 15 microns 1 
Gasometer 
Double bell —1 mm Hg 0.1 
Mercury column 
(Gage block) Stimson —800 mm Hg .0003 
(Telescope) Johnson —800 mm Hg .003 
Using vernier —2600 mm Hg .02 
Piston gage 150 psi to 10,000 psi 01 
100,000 psi oh 
200,000 psi .25 
Measurement 


Definitions of 
Research, Development 
and Instrumentation 


By DR. C. S. DRAPER* 


ESEARCH is human effort con- 

cerned with the refinement of in- 
formation about phenomena that are 
already familiar and the extension of 
knowledge to new regions. 


Development is the application of re- 
search results to produce new and im- 
proved devices. 


Instrumentation, for any particular 
situation, is the sum total of devices 
used to receive, process, and apply in- 
formation for the purposes of measure- 
ment and control of physical quantities. 


* Head, Department of Aeronautical Engineer- 
ing, and Director, Instrumentation Labora- 
tory, Massachusetts Institute of Technology. 
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Instrumentation has been the life 
blood of research and development since 
the beginning of man’s struggle toward 
mastery over the principles of nature. 
For example, one of the essential func- 
tions of instrumentation is measure- 
ment, which is the process of associat- 
ing numbers with situations that in- 
volve physical quantities. The instru- 
mentation of measurement for linear 
distances and angles must have been 
essential to the architectural research of 
ancient man. In the same general way, 
ultramicroscopes assist modern investi- 
gations into properties of the solid 
state. Developments in the architec- 
ture of early Egypt must have depended 
on the scale and protractor as instru- 
mentation just as the miracles of mod- 
ern high-performance machines depend 
on the electronic supermicrometer of 
today. 


Control 


Co-operative effort from many in- 
dividuals was required to carry out any 
major undertaking in the days of an- 
tiquity. Human slaves were used to 
meet heavy power requirements, while 
the functions of information gathering, 


data processing, and power contro] Were 
provided by other human beings, The 
instrumentation of power contro} in. 
cluded chains, whips, and other u- 
pleasant devices. 


The steering and propulsion Systems 
of a war galley are examples of contro} 
systems made up of human beings as 
the operating components. Com 
from the captain established the desing 
ship’s course and speed and started Op 
eration of the system. The word wa 
relayed by voice or signal to the stroke 
timer for the galley slaves. Calls fo 
action were enforced by whip-wielding 
slave drivers. With the problem of pp 
pulsive power solved in this way, stegy. 
ing commands were introduced ag the 
input to the course control system. 4 
man acting as the feedback Sensing 
element detected deviations of th 
actual ship’s course from the desire 
course. He estimated the required cop 
rection and passed proper instructions 
to men who in turn moved the steering 
oar. The effect of this adjustment m 
the ship’s course was judged by the feed. 
back sensor, and the correction instru 
tions were changed if a course deviation 
still existed. 


The pattern of control has remained 
basically unchanged through the ca 
turies. In the control systems of today, 
human links are replaced by mechani 
cal, hydraulic, pneumatic, and electric# 
components. A modern ship is powered 
by turbine drives controlled by spec 
and torque-actuated valves instead of 
whips and chains. The steering oar t 
now a rudder driven by a steam or by 
draulic engine. Course deviations ar 
sensed by a gyroscopic compass fitted 
with a course-setting device. Inform 
tion and command-transmitting link 
are electrical or hydraulic. 


The instrumentation of the modem 
control system differs in its details from 
the “all human” mechanization used i 
ancient times. On the other hand, th 
captain’s function of making decision 
and giving commands has remained & 
changed through the years and is stil 
carried out by a human being. It # 
pears likely that the thinking powersd 
man will allow him to retain th 
primary decision-generating position 2 
any complicated system that may ® 
constructed in the foreseeable future 


The instrumentation of automatl 
control systems usually includes indi 
tors that make it possible for hum 
monitors to watch the progress @ 
events within the system. The monilit 
restricts his activities to observation # 
long as operation is normal, but take 
appropriate action whenever the 
cators show that an emergency situati@ 
exists. 


Measuring Instruments In Research 


Research often forces the developmel 
of new measuring instruments and 0 
techniques for using existing inst® 


ISA Jowena 





invol 
ercis 
muse 
ing c 
speci 
Tu 
ment. 
relief 
beyor 
durin 
categ: 
flow 1 
woulc 
gines 
in reg 
ment 
equip’ 
curat 
for al 
out th 
velop! 
tirely. 
Conel 
The 
relati 
search 
ment 
compe 
tation 
Inst 
durins 
cess ¢ 
Auton 
the ov 
mined 
some 
proper 
able. 
Inst 
search 
the res 
expanc 


March 


BERS 


BO? PBR RFRA SaR ere SSSR REEF ARPR SE 


Se Bas73 ese Aelita FB 


SBSe eR 2 BSF CFTBeeavereres 


ea 8 





ments. For example, recent aircraft and turbojet engine 
developments radically changed the requirements for flight 
instruments and power plant instruments. In particular, 
the airspeed meter of other days is supplemented by a 
“mach meter” which gives aircraft speed as a fraction of the 
speed of sound. The performance requirements for tacho- 
meters to measure turbojet turbine speeds are particularly 
severe because of the required combination of high reliabil- 
ity, high accuracy, and light weight. 

In addition to refined measurement devices, modern air- 
craft research is assisted by telemetering systems that de- 
pend on electronic techniques. Telemetering is necessary 
because space and weight in the aircraft are not available 
for the equipment to handle all the rapidly varying quan- 
tities that must be recorded simultaneously during maneu- 
yers. It is interesting to note that the amount of data 
generated in a given time is so great that it is no longer 
even suggested that readings might be recorded by a human 
observer. 


‘ontrol Equipment In Development 
Tne on ma of power plant control and flight control in 


modern aircraft are even further beyond unaided human 
capabilities than the recording of measurement data. For 
example, human strength is no longer sufficient to produce 
the control surface movements required for optimum maneu- 
verability. This means that power-boost systems must be 
provided to drive the control surfaces through the move- 
ments required to make the aircraft meet the commands 
from the pilot. These commands may be applied to the 
power boost by a low-input-level mechanical linkage arrange- 
ment or by a very low-input-level electrical transmission 
system. In either case, it becomes feasible to assist the 
human pilot not only with power but also with error-sensing 
and control-coordination functions. When these functions 
are combined with the power-boost function, the effective- 
ness of the complete system is improved because the man 
involved is relieved of duties that require the continuous ex- 
ercise of skilled attention or the expenditure of considerable 
muscular effort. This leaves the human sensing and think- 
ing capabilities free to evaluate and exercise judgment on 
special situations as they appear in flight. 

Turbojet engine operation depends on the proper instru- 
mentation of control functions, not to give the human pilot 
relief from routine duties, but to provide functions that are 
beyond human capabilities. The adjustment of fuel flow 
during starting and operation of turbojets falls into this 
category. It is reasonable to say that without a proper fuel- 
flow regulator system, jet-powered flight as a routine matter 
would not be possible. Future developments in turbojet en- 
gines must be accompanied by corresponding developments 
in regulators and automatic controls. The required instru- 
mentation developments involve the refinement of existing 
equipment and the design of new devices to establish ac- 
curately the conditions for best power, for best economy, or 
for any other operating regime that may be desired. With- 
out these control instrumentation developments, engine de- 
velopments would be severely handicapped or prevented en- 
tirely. 

Conclusion 

The turbojet-powered aircraft example illustrates a typical 
relationship between instrumentation and research. Re- 
search is stimulated by new instrumentation and measure- 
Ment techniques. In many cases, the needs of research are 
compelling factors in forcing the development of instrumen- 
tation to meet special problems of measurement. 

Instrumentation for measurement and control purposes 
during routine operations must be developed during the pro- 
cess of reducing research results to successful practice. 
Automatic control is so important in modern technology that 
the over-all performance of many systems is largely deter- 
mined by the quality of the available instrumentation. In 
Some instances, system developments have to wait until 
— measurement and control instrumentation is avail- 
able. 

Instrumentation certainly occupies a key position in re- 
search and development of all kinds. It must be accorded 
the respect and consideration due to a senior partner in the 
&xpanding technology of our times. 

(Panel Discussion Concluded.) 
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FREQUENT REPLACEMENT COSTS 


CORROSION-PROOF 
Dekoron Instrument Tubing 


@ DEKORON® process of extruding a thick 
plastic sheath over instrument tubing makes the 
tubing corrosion proof . . . ends your corrosion 
problems once and for all. This means you elimi- 
nate the high cost of renewing expensive copper 
or alloy tubing . . . eliminate replacement costs 

. eliminate maintenance . . . conserve critical 
materials. Dekoron corrosion-proof instrument 
tubing is available in three different forms to take 
care of virtually any requirement. 





DEKORON INSTRUMENT TUBING. Extruded plastic 
coating over metal tube makes it impervious to 
moisture, corrosion, salt air, oils, acids, and 
alkalies. Available in straight lengths up t> 20 ft., 
coils up to 1000 ft. or as coating service for 
customers’ tubing. 








IMPERVAPAK METL-COR. Instrument tubing har- 
ness composed of 4, 7, or 10 copper or aluminum 
tubes over which is extruded thick coating of 
high-molecular-weight polyethylene. Available 
in lengths up to 100 fe. 


IMPERVAPAK POLY-COR. Composed of 4, 7, 10, 
14, or 19 flexible polyethylene tubes over which 
is extruded '44 inch sheath of vinyl plastic. Tubes 
will carry all standard line pressures. Individual 
tubes are color coded for easy line identification; 
lengths to 500 ft. 


A-6477 





SAMUEL MOORE & COMPANY 


Dekoron Tubing Division 
MANTUA * OHIO 
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Supervisory Instruments 
For Steam Turbines 


Abstract: Operation of modern steam tur- 
pines requires more than observation of the 
unit by the operator. Changes within the 
turbine which affect clearances, thrust load- 
ing, vibration, and expansion must be known 
immediately. Supervisory instruments are 
available to record and warn the operator of 
any abnormal developments. With ever in- 
creasing design steam conditions, greater de- 
pendence must be placed on the supervisory 
instruments for successful operation. 


HE steam turbine continues to 

grow in size and vomplexity of de- 
sign, pressure and temperatures con- 
tinue to rise and reheat has become the 
standard for the larger units. With the 
reheat design, the high temperatures 
are no longer limited to the inlet end 
of the unit but are now spread over a 
large section of the turbine. This trend 
of larger units and advanced thermal 
eyeles is for the sole purpose of obtain- 
ing greater economy from the turbine 
generator unit. To realize the potential 
economy possible from these improved 
thermal conditions, it becomes more im- 
portant than ever before to design and 
manufacture precision built machines of 
the finest type. Yet, these very char- 
acteristics of size and thermal condi- 
tions greatly complicate the problems of 
building and operating such precision 
Machines. Rotating blades move past 
adjacent stationary parts, at relatively 
close clearance, at speeds in excess of 
1000 miles per hour. These clearances 
Must be maintained even though the 
Stationary and rotating parts will ex- 
Pand between cold condition and full 
load conditions as much as an inch and 
more in length. 

The burden of keeping a check on 
the mechanical condition of the turbine 
is the responsibility of the operators. 
Any slight change in operation from 
normal must be observed. Slight op- 
erating difficulties within the turbine, if 
UMdetected, may progress to serious 
damage. In many cases these changes 
May be so gradual that the operator will 
Not recognize that a change is taking 
Dice unless a continuous record is 
Mailable for analysis. The operators 
Must depend on instrumentation to tell 

of internal conditions and to warn 


—_— 


* 
Assistant Section Manager Turbine Engrg., 
Steam Division, Westinghouse Electric Cor- 
Peration, Philadelphia, Pa. 
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them of any abnormal developments. 

The purpose of this paper is to review 
the supervisory instruments’ now avail- 
able for steam turbines and to discuss 
briefly their future development. 

In addition to the information ob- 
tained from the familiar instruments 
and gauges such as temperatures, pres- 
sure distributions, speed and etc., there 
are at least five additional facts that are 
extremely important in the starting and 
operation of the turbine. Instruments 
are available to record: 1. the straight- 
ness of the rotor when starting, 2. the 
expansion or contraction of the turbine 
casing, 3. the differential expansion be- 
tween rotating and stationary parts, 
4. the position of the shaft relative to 
the stationary elements, and 5. the mag- 
nitude of the shaft vibration. 


Shaft Eccentricity Meter 


When a turbine is shut down, the hot 
vapors in the turbine rise to the top of 
the casing giving an uneven tempera- 
ture distribution which may result in 
a bowing of both the turbine shaft and 
casing. To minimize the amount of dis- 
tortion, modern steam turbines are 
equipped with a turning gear which 
slowly rotates the turbine rotor while 
the unit is cooling. While the turning 
gear is effective in reducing the amount 
of shaft distortion, a check for truth 
should be made on every start up with- 
out exception. When shaft distortion 
exists, the unit must be rolled at slow 
speed until the parts are uniformly 
heated and the shaft straight. 

Checks on the truth of the shaft can 


Center Line of 


><F== ast} 
LZ. 
= 


Shaft 


Shaft Extension 
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be made by the use of a dial indicator 
against the shaft while the unit is on 
turning gear and during the slow roll 
by steam. This use of the dial indicator 
seems very simple, but it requires the 
attention of the operator who can hard- 
ly spare the time required for this man- 
ual operation with so many duties re- 
quiring his attention when starting the 
unit. This is particularly true since the 
turbine room crews continue to grow 
smaller in number and, therefore, many 
of the checks and operations must be 
made automatically. It is essential that 
the shaft be straight before bringing the 
unit to speed. Slight eccentricity in a 
large high speed turbine may result in 
rubs before reaching rated speed and at 
operating speed tremendous unbalance 
which may cause extensive damage to 
the unit. 

The shaft eccentricity meter will auto- 
matically indicate and record the 
amount of eccentricity existing. Two 
pick up coils are located at the end of 
the shaft extension beyond the bearing 
where the effect of the shaft bending is 
the greatest. The location and arrange- 
ment of the eccentricity meter pick up 
coils is shown in Fig. 1. 

The eccentricity meter uses the elec- 
tro-magnetic principal for measuring 
small distances accurately. Two iron 
pick up coils, diametrically opposed, are 
supported from the pedestal housing 
with air gaps between the pole pieces 
and the periphery of a soft iron disc 
on the turbine shaft as shown in Fig. 2. 
When the shaft is straight, the air gaps 
are equal and the bridge circuit of 
which both coils are a part is balanced. 
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Fig. 2. 


When the shaft is bowed, the air gaps 
are alternavely increased and decreased 
by the eccentricity of the disc as the 
shaft rotates. This unbalance in air 
gap results in a periodic unbalance in 
the bridge circuit which is used to 
operate an indicating or recording 
meter showing the eccentricity of the 
shaft in thousandths of an inch. 

This instrument finds its greatest use 
during the starting cycle of operation 
of the turbine. The operating range of 
the instrument has been selected for 
accurate indication from turning gear 
speed to 600 rpm. Within this range, 
operation with standard 60 cycle sup- 
ply is possible. Limiting the speed 
range allows operation of the instru- 
ment from a convenient source of 
power. Also, if the shaft is still out of 





Shaft Eecentricity Meter. 


truth at 600 rpm, the speed of the unit 
should not be brought up any higher 
but the unit contisued at slow roll until 
the shaft is straight. When the speed 
of the unit exceeds 600 rpm, the eccen- 
tricity meter is automatically discon- 
nected and any outage of the shaft is 
measured in the form of vibration by 
means of the shaft vibration meter 
described later. 


Thermal Expansion 

Thermal expansion of the turbine 
parts starts with admission of steam for 
the slow roll operation, continues while 
bringing the unit to speed and reaches 
a maximum when the unit is fully 
loaded. The magnitude and variations 


in expansion will depend on the type 
and size of the turbine; 


however, for 
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Vig. J. Provision for Turbine Expansion. 





any given unit, the expansion wil] fq 
low the same pattern on each start 
and loading cycle, provided the unit j 
loaded in the same manner and ig gq). 
lowed to expand freely. 

There are two functions of the the. 
mal expansion which are closely aggo¢j. 
ated and each important for Proper op. 
eration. The first function is the rat 
of expansion of the turbine casing whiq 
is measured and recorded by the casing 
expansion meter. A record of the cy). 
inder expansion would be sufficient for 
proper operation, provided the station. 
ary and rotating parts expanded at the 
same rate. This, however, is not the 
case. As steam is admitted to the ty. 
bine, the turbine rotor, because of its 
smaller mass, will heat faster and ¢ 
pand faster than the turbine casing 
This differential expansion between stg. 
tionary and rotating parts is the second 
function of thermal expansion important 
to the operator and is measured by the 
differential expansion meter. 


Turbine Casing Expansion Meter 


To allow freedom for expansion, the 
turbine is anchored at one end to th 
foundation while the other end is fre 
to slide in an axial direction. Key 
located between the turbine exhaust feet 
and the foundation sole plates permit 
expansion of the exhaust casing but 
anchor the turbine on the _ exhaust 
centerlines. Alignment of the sliding 
pedestal is maintained by means of 4 
well lubricated key in the pedestal base. 
Fig. 3 shows the arrangement for guid 
ing the expansion of a tandem turbine 
A smooth continuous motion of the 
pedestal as it slides along the base isa 
good indication that expansion is pro 
gressing normally. The data on the 
rate, extent and continuity of the tu 
bine casing expansion all become im 
portant factors in the supervision of the 
operation. These data are indicate 
and recorded by the turbine casing & 
pansion meter. The instrument make 
a continuous record of displacement of 
the sliding pedestal with respect to its 
base and gives the actual overall & 
pansion of the casing during the start 
ing and stopping periods as well as the 
variation in expansion caused by load 
changes. 

The instrument is simple and employs 
the synchrotie position indicator prit 
cipal in its operation. It consists of 
two small polyphase induction motor 
with single phase stators and thre 
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Company to thoroughly and compre- thrust bearing also carries the resultant 


phase rotors. One motor transmits and 
the other receives. With the rotors in- 
terconnected electrically and the stators 
connected to the same sources of single 
phase power, the receiver rotor follows 
exactly the rotation of the transmitter 
rotor. The transmitter motor is located 
on the pedestal base. By a rack and 
gear device any motion between the 
sliding pedestal and the pedestal base 
results in a corresponding rotation of 
the transmitter rotor. This rotation is 
transmitted to the receiver motor located 
in the recorder and geared to the re- 
cording pen. The relative motion, there- 
fore, is traced graphically by the re- 
corder. The slope of the trace indicates 
the rate of cylinder expansion and the 
trace itself indicates the magnitude. 
Any sharp deviation in the slope of the 
trace indicates non-uniform expansion 
or contraction which warns the operator 
of irregular operation. The casing ex- 
pansion meter is shown in Fig. 4. 


Differential Expansion Meter 

Axial clearances between rotating and 
Stationary parts are provided to allow 
for the differential expansion in the tur- 
bine. It is the practice of the writer's 
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hensively chart the relative motion of 
the rotating and stationary parts, dur- 
ing the starting up period, periods of 
operation with changes in load and in 
shutting down the unit. The amount o: 
differential expansion existing during 
the start up cycle will depend to a 
large extent on the speed at which the 
turbine is heated up. The differential 
expansion should be substantially con- 
stant for any given loading on the tur- 
bine. Any sharp variations from the 
established pattern of differential ex- 
pansion should be a warning to the 
operator to investigate the situation and 
determine the cause. 

The differential expansion meter op- 
erates on the same magnetic principal 
as the eccentricity meter. The pick up 
coils are located as far from the thrust 
bearing as possible in order to measure 
the maximum differential expansion in 
the unit. See Fig. 5 for the arrange- 
ment of the pick up coils. 


Shaft Position Meter 

The axial position of the turbine shaft 
with respect to the stationary parts is 
maintained by the thrust bearing. The 


unbalanced axial loads. As the electrical 
load changes, there will be a change in 
the thrust loading which causes a small 
displacement of the rotor. This dis- 
placement should be constant for any 
given set of conditions. On the initial 
start up, the actual casing expansion 
and the thrust bearing position are 
charted in addition to the differential 
expansion mentioned above. Once hav- 
ing made a complete check of the in- 
ternal changes in the machine under 
various conditions of operation, we feel 
safe in assuming that, as long as the 
relation of the fixed position of the 
machine remains constant, no internal 
interference will be experienced. Any 
variation in the established thrust bear- 
ing position may mean excessive thrust 
loading or thrust bearing wear and 
should be investigated immediately. The 
shaft position recorder will make a per- 
manent record of shaft position and sup- 
ply the operator with the history of past 
performance. 

The shaft position meter also operates 
upon the magnetic principal as 
the eccentricity meter. The pick up 
coils, Fig. 6, arranged to measure 


same 


are 
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the axial position of the fixed point be- 
tween stationary and rotating parts 
which is at the thrust bearing. The 
pick up coils are located as close as 
possible to the thrust bearing in order 
to avoid possible differential expansion 
errors. Changes in shaft position re- 
sult in air gap variation and conse- 
quently in a position change indication. 


Shaft Vibration Meter 


Continuous records supply the only 
reliable data on shaft vibration for mod- 
ern turbine generator units. Gradual 
changes in vibration and amplitude may 
not be noted by the most experienced 
operator but are immediately apparent 
when placed on a continuous chart. 

The method of measuring vibration 
from the bearing cap or pedestal with 
a pedestal vibrometer was adequate and 
satisfactory for the 1,800 rpm turbine. 
However, the situation is quite differ- 
ent for the modern high pressure, high 
temperature, 3,600 rpm turbines. It was 
found that on a 3,600 rpm turbine the 
bearing pedestal could be reasonably 
quiet while the turbine shaft could be 
vibrating beyond acceptable limits. This 
experience proved the inadequacy of 
the pedestal or bearing cap vibration 
measurement, and as the result, West- 
inghouse developed a shaft vibration 
meter to replace the pedestal vibro- 
meter. This instrument detects the 
vibration at its source, the turbine sheft. 
The shaft vibration meter has now been 
used for a number of years with satis- 
factory results. It appears that meas- 
uring vibration from the shaft is now 
becoming the accepted method. 

The shaft vibration recorder is shown 
in Fig. 7. The instrument consists of 
a seismically mounted velocity type 
electro-magnetic pick up whose movable 
coil is actuated through a connecting 
rod from follower shoes on the turbine 
generator shaft. The coil is located in 
a magnetic field and by virtue of its 
motion generates a voltage proportional 
to the product of the amplitude and the 
frequency of vibration. The pick up 
voltage is fed into an electrical integra- 
tor and amplifier. The integrated and 
amplified current is then fed to a re- 
corder calibrated directly in thousandths 
ofaninch. The pick up being seismical- 
ly mounted, is not effected by vibration 
of its support. If several pick ups are 
used to indicate vibration at different 
points on the same unit, the record of 
each station is made on a common chart 
in successive and periodic intervals, the 
length and order of which is determined 
by the setting of a program timer. If 
the operator for any reason is interested 
in one station, he may use a selector 
switch which will cut out the timer and 
connect the pick up in question to the 
metering circuit. 


Conclusions 


The supervisory instruments described 
above and shown on Fig. 8 in their rela- 
tive locations on a modern large steam 
turbine, are used to supplement the op- 
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erator. All of these instruments can be 
equipped with an alarm circuit with 
limit contacts. Limit contacts are set 
for values beyond which continued op- 
eration is considered unsafe. Thus, if 
any of the above measured functions ex- 
ceed safe limits, an alarm is sounded 
warning the operator of the existing 
condition. It is the duty of the operator 
to investigate the condition and deter- 
mine what action should be taken. Used 
in this manner the supervisory instru- 
ments serve as a back-up and guide to 
the operator. The decisions of operation 
is left up to the operator. 

Recently the philosophy has been ad- 
vanced that the supervisory instruments 
should be the primary source of turbine 
operation, that they be used in the 
actual’ operation of the turbine rather 
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Fig. 8. Turbine Supervisory Instruments. 


than to just give the warning signal. 
The instruments would be equipped with 
automatic devices to trip the turbine off 
the line in the event the measured func- 
tion exceeded safe limits. 

The reasoning responsible for this 
trend is that the supervisory instru- 
ments are in a_ better position to 
observe the condition of the unit and 
that the instruments are in reality re- 
cording the results of internal disturb- 
ances within the unit. The operator 
must depend on the instruments to warn 
him of abnormal developments, and if 
the instruments are reliable, they might 
as well complete the entire function of 
tripping the unit. 

The present supervisory instruments 
have been reasonably satisfactory as 
the back-up to the operator. Their de- 
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pendability and reliability must be im- 
proved, however, if they are to become 
the primary source of operation. The 
instruments must be more rugged. They 
should if possible be capable of satis- 
factory operation, without major re- 
pairs, between turbine inspections. 
They must be accessible and readily 
checked and calibrated with the turbine 
in operation. These requirements mean 
a major development on supervisory in- 
struments. Westinghouse is now enter- 
ing into such a development program. 
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High-Stability Circuitry 


for Resistance Strain Gages 


By HOWARD C. ROBERTS* 





Abstract. This paper contains: (1) a brief 
discussion of standards and their mainten- 
ance (2) a description of the problems in- 
volved, (3) discussion of circuit require- 
ments, (4) description, with operating tech- 
niques, of two methods of attaining higher 
accuracy and stability than is available 
with the ordinarily-used equipment, at 
little higher cost, and (5) some description 
of means of compensating for temperature 
errors and the like. 

It is intended for those working with 
creep, long-time strain work, etc. 


oR the last 20 years the most ex- 

tensive application of resistance- 
type strain gages has been in dynamic 
and short-time measurements. Their 
earliest uses were in applications in 
which they were completely inaccessi- 
ble—imbedded in concrete structures 
and the like—and intended for long- 
time use. They are now in demand for 
such long-time measurements as creep 
tests, weighing devices, measurements 
of deformation of structures under 
dead loads and with seasonal varia- 
tions, and in determinations of changes 
of load distribution in pile founda- 
tions with time, etc. 

Not much has been published on the 
applications of precision electric meas- 
uring techniques to these applications. 
Several excellent equipments are avail- 
able for less exacting work—for short- 
er periods, somewhat lower accuracy, 
and for comparative measurements. 
Few experienced workers would care 
to apply these techniques or equip- 
ments to the measurement of strains 
of less than 50 microinches per inch 
or over periods of time extending into 
weeks or months. These are somewhat 
mors specialized measurements, re- 
quiring greater care in operation and a 
little different attack than ordinary 
strain-gage work. 

For such long-time measurements, 
suitable standards should be available. 
These really should be independent of 
the measuring system and of such 
form that changes in the specimen, or 
in the measuring system itself, will 
not produce changes in the standards. 
That is, it is best that electric strain 
gages should not be used as standards 
to which other gages are compared. 

The following discussion is the re- 
sult of a need for laboratory facilities 
which could accomplish such measure- 
ments at reasonable cost. 





*Research Associate Professer, Engineering 
Experiment Station, University of IMlinois, 
Urbana, Illinois, 
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Sources of Error with Resistance 
Strain Gage Circuits 


Characteristic errors encountered in 
any method of resistance measurement 
include those due to (1) lead-wire re- 
sistance, (2) switching-resistance er- 
rors, (3) temperature effects, espec- 
ially for bridge methods, (4) reactance 
contamination in a-c bridges, and (5) 
potential contamination errors in d-c 
bridges. Errors from inadequate stand- 
ards or from instrument inaccuracy 
may occur in any measurement. 

Many applications of resistance-type 
strain gages involve a number of 
strain gages in a single installation to 
be transferred in and out of the meas- 
uring circuit by switches of some sort. 
It is convenient to consider lead-re- 
sistance and switching resistances to- 
gether. Th: same procedure may be 
used to eliminate errors from cither. 

Strain gages are often connected up 
with No. 18 copper wire. This wire 
has a resistance of about 0.0064 ohms 
per foot so that, for lead lengths of 30 
feet, each gage will have 60 feet of 
wire with a resistance of about 0.38 
ohms in series with it. Most copper has 
a temperature coefficient of resistance 
of about 0.4 per cent per degree 
Centigrade; thus, a change in tempera- 
ture of only 3 C will cause a change 
in resistance of about 0.0045 ohms in 
these lead-wires. Since for the ordin- 
ary 120-ohm wire strain gage (with a 
gage-factor of approximately 2.0) a 
strain of 1 microinch per inch causes 
a resistance change of only 0.00024 
ohm, this three-degree temperature 
change in the leads causes an apparent 
strain of about 18 microinches per 
inch—far from negligible. 

If No. 14 wire is used instead of 
No. 18, this error is reduced to about 
8 microinches per inch—still a little 
too much. 

Even the best switches, with good 
care, will have resistances of 0.002 
ohms or thereabouts. This resistance 
will vary in use by perhaps 0.0003 
ohm. Switch errors, if good switches 
are used, are not a serious source of 
error. 

As will be described later, both of 
these errors may be reduced to a small 
fraction of the values mentioned by 
treating the strain gage as a four- 
terminal resistor. 

The diagram of Fig. 1 indicates the 
location of errors from lead-resistances 





at 











Fig. 1. Bridge with its Errors. 


and from potential contamination 
Their effect is the same whether a 
a-c, a d-c bridge, or another method @ 
measurement is used. 

In the diagram, if R; is the gagete 
sistance in question, the lead-wire 
sistances will appear as R.A and 
in series with the gage. 

Potential-contamination errors maj 
occur in any d-c method of measure 
ment. A contaminating potential may 
be introduced into the circuit by ther 
moelectric, electrolytic, or by alternat 
ing-current contamination. 

A thermoelectric potential may &® 
produced at any point where two dit 
similar metals come in contact. Ther 
are always, in the practical circ 
such locations. Many strain gages aft 
made of constantan wire. This, in cor 
tact with copper wire leads, may pl 
duce thermoelectric potentials as high 
as 40 microvolts per degree Cent 
grade. Another wire also used if 
gages, Minalpha, shows only a 2 mict® 
volt per degree thermal effect. Om 
must make sure that, where such june 
tions occur, they occur in pairs. Tit 
two junctions forming the pair a 
kept as nearly as possible at the samt 
temperature. 

Dirty mechanical connections, switeh 
contacts, and the like, are often Cot 
taminated by electrolytic potentials 
These seldom affect soldered joint 
unless an acid flux has been use 
Tiny electrolytic cells are produced be 
tween the two dissimilar metals mal 
ing the junction, if a trace of mor 
ture and any soluble electrolyte is 
present. The remedy for this is clea 
liness, with soldered joints where poe 
ible. 

Most gage installations contain loom 
of wire which can pick up, by indu® 
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tion, any contaminating alternating 
field which may be present. Mechanical 
connections often contain imperfectly 
conducting films which cause some 
rectification with a resulting d-c con- 
tamination. 

Thermoelectric contamination _ re- 
quires @ temperature difference and 
may be detected by increasing tem- 
perature gradients in the equipment. 
Electrolytic contamination requires the 
presence of foreign material usually 
containing moisture. Induction and 
rectification contamination may occur 
in switches or other connections which 
look perfectly clean. Frequently the 
three occur together. 

The effect of any potential contami- 
nation is to shift the balance point of 
a d-c bridge. Its presence may be de- 
tected by reversing the polarity of the 
exciting current or removing it en- 
tirely. 

In Fig. 1, a source of potential con- 
tamination is shown. It is indicated as 
a small battery HR, in series with one 
arm of the bridge R:. The easiest way 
to analyze the effect of such a source 
of contaminating potential is to con- 
sider that its effect, so far as the bal- 
ancing of the bridge is concerned, is 
just the same as that of a resistance 
whose value is described by the poten- 
tial drop resulting from the current 
flowing through it. This hypothetical 
resistance equivale»t will either add to 
or subtract from the actual resistance 
of the bridge arm, depending upon the 
direction of current flow. 

For example, take an equal-arm 
bridge having 120-ohm arms, 0.01 am- 
pere flowing through each arm, and a 
contaminating potential having a value 
of 100 microvolts. From Ohm’s Law, 
the resistance equivalent of the poten- 
tial may be computed as 0.01 ohm. For 
one direction of current flow, this is 
added to the value for R:; for the other 
direction it is subtracted. The apparent 
value of R, will then fluctuate between 
119.99 and 120.01 ohms as the direction 
of current flow is reversed. The aver- 
age of the two should be taken as the 
most nearly correct value. 

Small alternating-current contami- 
nations of direct-current bridges will 
usually cause no error unless the gal- 
vanometer is affected, or unless the in- 
duced current is large enough to pro- 
duce heating effects. Direct-current 
contamination of a-c bridges likewise 
causes no trouble. 

Resistance bridges excited by alter- 
nating current have their own charac- 
teristic troubles; and so far as the 
bridge arms themselves are concerned, 
these are nearly all the result of reac- 
tive contamination. These reactances 
may come from inductive loops caused 

the orientation of wire leads, from 
shunt capacitances caused from insula- 
tion or from proximity of leads. Cor- 
rection of these reactive contamina- 
tions, and removal of all spurious a-c 
effects from induction, becomes in- 
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creasingly difficult as the precision of 
the work increases. Thus, for the kind 
of work considered here, it is felt that 
d-c bridges are to be preferred. Re- 
versal of battery potential, which 
amounts to very low-frequency bridge 
excitation, is often used. 


Possible Methods for Gage- 
Resistance Measurements 

Most precision methods of resistance 
measurement are comparison methods; 
that is, the unknown resistance is com- 
pared to a standard. In general, the 
greatest accuracy is possible when the 
standard and the unknown resistors 
are of nesrly the same value. 

One of the accepted methods is the 
potential-drop method. It’s usually ap- 
plied by connecting the standard and 
the unknown resistor in series and 
comparing potential drops across them. 
Since the same current flows through 
both, the ratio of the potential drops 
is equal to the ratio of the resistance 
values. For one-time comparison of 
such resistors, it is not even necessary 
to know the current flowing through 
them, nor does the potentiometer re- 
quire any high accuracy—so long as 
conditions do not change between the 
two potential measurements. However, 
for repeated measurements of resist- 
ance over a considerable period of 
time, by the potential-drop method, it 
is advisable to take more precautions. 

Bridge methods are usually consid- 
ered as permitting considerably great- 
er accuracy than potential-drop meth- 
ods because of the higher accuracy of 
the standards used. In this applica- 
tion, the need is for a measurement of 
change of resistance rather than for 
absolute values. A greater absolute ac- 
curacy is of less consequence than high 
stability and sensitivity. 

Bridge circuits ordinarily used for 
resistance measurements are either of 
the Wheatstone form, employing four 
arms, or of the Kelvin form, employ- 
ing six arms. The basic Wheatstone 
bridge is shown in Fig. 2A, and a mod- 
ification, by which fine balance is facil- 
itated by the use of a shunt arm, ap- 
pears in Fig. 2B. In Fig. 2C a modifi- 
cation is shown by which a slide-wire 
is used for fine balance along with 
high-resistance coils for the major por- 
tion of each ratio arm. This last modi- 
fication is frequently used for high- 
accuracy resistance measurement. 
With a switching device for exchang- 
ing the end-coils, it provides greater 
accuracy. 

Fig. 3 shows a diagram of the Kel- 
vin bridge, a six-arm bridge employ- 
ing two pairs of ratio arms instead of 
one pair. It is of greater cost and more 
difficult to use. Its particular advant- 
age is in permitting measurements 
free frum lead-wire and end-resist- 
ance errors, and its principal use is in 
measuring small values of resistance 
or of any four-terminal resistance. 

The concept of the four-terminal re- 
sistance is of importance in this class 























Bolance equation~ R; fre RyRy 
Fig. 2. The Wheatstone Bridge. 


of work and will be briefly discussed. 

Resistors, although shown in dia- 
grams as simple devices drawn with 
lines of negligible width, are seldom 
so simple. Because of the size of the 
terminals, the inevitable resistances 
existing in connections, and the actual 
fiow of current taking place through 
a number of adjacent parallel paths 
instead of along a single restricted 
line, there is always some uncertainty 
as to the resistance at any terminal. 
This uncertainty becomes greater as 
the mechanical size of terminals in- 
creases; and as the current flowing in- 
creases, so does the difficulty of meas- 
urement. Such an uncertainty is often 
as great as 0.005 ohm; and since it is 
not necessarily constant, appreciable 
errors result. In strain-gage circuits, 
such errors arise more often from 
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Fig. 3. The Kelvin Bridge. 
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lead-wire resistances and switch re- 
sistances than from imperfections in 
terminals; but the same _ techniques 
are used for reducing errors. 

Fig. 4 is a diagram showing the 
manner of connecting a _ resistance 
strain gage as a four-terminal resistor. 
The actual gage resistance, approxi- 
mately 120 ohms, is indicated as being 
enclosed in the rectangle. In series 
with this resistance are the two lead- 
wire resistances, RL, and the switch 
resistances Rsw. The true gage re- 
sistance lies between the points x and 
a. The other resistances may be altered 
by temperature, by switch imperfec- 
tions and the like. These should not 
be permitted to affect the measured 
gage resistance. By adding auxiliary 
leads, connected at points x and 2, the 
gage becomes a four-terminal resist- 
ance unit; and lead-wire errors may be 
eliminated entirely. 


Rv RL Rsw 


—w——- ws }$ + an 


4 x 


Fig. 4. Four-Terminal Gage. 


Standards 

In general, the most accurate stand- 
ards we have are those of mass, di- 
mension, and time. Standards of 
electrical resistance may be made and 
compared to better than one part in 
one million and standards of electric 
potential to perhaps 10 parts in one 
million. With good technique, ¢iffer- 
ences of resistance of considerably less 
than one part in a million can be 
measured, and differences of potential 
of 5 parts in a million. 

For the resistance-comparison meth- 
ods used with strain gages, the stand- 
ards can be resistances which are us- 
ually less expensive and easier to 
maintain than potential standards of 
comparable quality. 

The unsaturated standard cell, 
which is ordinarily used for all po- 
tential measurements except the most 
precise, is a little less reproducible 
than the normal or saturated cell; but 
it has zood stability (decreasing in 
voltage by perhaps 0.004 percent per 
year) and a low temperature coeffic- 
ient (usually about —10 microvolt per 
degree Centigrade). All standard cells, 
however, should be protected from sud- 
den temperature changes, or tempera- 
ture gradients, and must never be 
used to supply appreciable current. 
Most makers stipulate 0.1 milliampere 
as the maximum current that can flow 
even momentarily without damaging 
the cell; and with most cells, a current 
flow as small as 1 microampere will 
produce a measurable change in cell 
voltage. 

The best standard resistors are 
those wound of manganin wire, aged, 
and sealed in airtight containers. Such 
resistors, if not mistreated, usually 
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show an average change in resistance 
of less than one part per million per 
year. Since this change is as likely to 
be positive as negative, the average of 
several such resistors is likely to be 
very close indeed to the original value. 
Such resistors are not inexpensive 
(between $25 and $50 without a 
Bureau of Standards certification) but 
still are not unreasonably priced. The 
next lower grade (about $10) will be 
rated at perhaps 0.05 per cent accur- 
acy when purchased (instead of 0.01 
per cent); and while probably no guar- 
antee of stability will be provided, they 
can be expected to be about one-tenth 
as stable as the sealed resistance 
standards. 

The accuracy and the stability, of 
such resistors decreases rather rapidly 
with increasing resistance values. A 
l-ohm standard may be rated at 0.001 
per cent and a 100-ohm at 0.01 per cent. 
It is not advisable to try to maintain 
high-accuracy standards greater in 
resistance than perhaps 100 ohms. 

Any set of standards, whether re- 
sistance or potential, should be main- 
tained in multiple. A single unit might 
change in value showing no reason for 
suspicion. Two similar units might 
show a difference, but there would be 
no indication as to which was in error. 
If three (or, even better, four) are 
maintained, it is not likely that more 
than one of them will change so rapid- 
ly as to obscure the indication of which 
is most in error. 


Potential-Drop Method 

With good laboratory potentiometers 
and galvanometers, potentials of ap- 
proximately one volt can be measured 
to about 50 microvolts and can be com- 
pared to about 20 microvolts (with 
great care, to 10 microvolts). The limit 
on comparison is set by sensitivity, sta- 
bility, and unavoidable thermoelectric 
errors (nearly always 5 to 10 micro- 
volts, perhaps more, in such equip- 
ment). Special forms of potentiome- 
ters, not usually available, are re- 
quired to exceed this performance. 

However, with one of these potenti- 
ometers in a circuit such as that of 
Fig. 5, under stable conditions, po- 
tentials may be compared to 10 micro- 
volts with reasonable accuracy. This 
potential difference corresponds to the 
drop across 0.001 ohm; thus, this cir- 
cuit has sensitivity enough to detect 
(and measure approximately) strains 
of 4 microinches per inch in a 120- 
ohm gage. In actual use, such an ar- 
rangement has been found stable to 
about 5 microinches per inch for more 
than 4 months in a set-up experienc- 
ing temperature changes of less than 
3 F, and with no load applied to the 
gages. Under similar circumstances, 
ordinary portable strain-gage bridges 
showed definitely inferior stability. 

The diagram of Fig. 5 is virtually 
self-explanatory, but a few comments 
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Fig. 5. Potential-drop Circuit. 


may be added. Although the drawing 
shows several gages connected perman. 
ently in series with a switching devig 
to select the standard resistor or any 
gage, it is also possible to arrange the 
circuit so that only one gage is jp 
series with the standard resistor at 
any time. In either instance, a switch. 
ing device is required. If several gages 
are connected at the same time, 
greater potential is required; but if 
only one is connected, the current wil! 
require readjusting each time a gage 
is changed. 

Accuracy in the standard is achieved 
by maintaining more than one stand 
ard resistor, comparing them frequent 
ly. For convenience in use, it is dé 
sirable to use a stable source of cur 
rent and a decade resistance box for 
the rheostat, Radj. 

Even though care is employed, bet 
ter results are usually obtained by 
using a bridge method. 

Bridge Method 

Of the many techniques which can 
be effectively used with resistance 
strain gages, only three will be dé 
scribed here. They can be applied 
either individually or in combination. 

When long lead-wires are used, it is 
customory to use a form of the Uak 
lendar-Griffiths bridge, as drawn i 
Fig. 6. Similar leads are installed @ 
two adjacent arms of the bridge, i 
series with the measuring gage ani 
with the compensating gage. Thus, 
temperature-caused resistance changes 
in the lead-wires appear in both bridge 
arms, their effects balancing. This 
compensation, however, is only for re 
sistance change caused by temper 
ture and common to both leads. 

The resistance of long leads may © 
come an appreciable percentage of the 
total resistance of the bridge arm. The 








Fig. 6. Callendar-type Bridge. 
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example given in the section on 

of Errors described a typical 
condition in which lead-wires possessed 
resistance equal to 1/3 of one per cent 
of the gage. Such imert resistance in 
a gage circuit introduces error propor- 
tional to its percentage of the total 
resistance of the gage circuit. When 
necessary, the lead resistance may be 
measured and arithmetic correction ap- 
plied. For more precise measurements, 
the techniques next described may be 
used. 

If the gages are connected as four- 
terminal resistances and a Kelvin 
bridge used, lead-resistance errors can 
be reduced to a negligible figure. The 
circuit of Fig. 7 is capable of perform- 
ance nearly equal to that of a Kelvin 
bridge, and requires little more equip- 
ment than an ordinary Wheatstone 


bridge. 





























Lead-compensating Bridge. 


Fig. 7. 


The superior performance of this 
circuit depends upon the fact that no 
current flows through one pair of po- 
tential leads at balance, while only a 
small current flows through the other 
pair at any time. The higher the re- 
sistance of the ratio arms, the better 
the performance of the circuit, un- 
less sensitivity is lost. 

The balancing procedure is as fol- 
lows; balance the bridge first with the 
switch in one position, then in the 
other; let B, and B, be the two values 
of B for the two balance conditions. 
Then, 

B(A + B) 
R, = ———- Rs 

A(A + B,) 

Somewhat less accurate than the 
bridge circuit just described, but easier 
to use and especially convenient for 
comparison of several gages placed 
close together with a common 
(grounded) terminal, is the compro- 
mise bridge circuit of Fig. 8. Since all 
of the gages are close together, their 
common lead may be made short, in- 
troducing negligible error. The other 
lead of each gage is made a current 
lead and is paralleled by a potential 
lead going to the galvanometer. The 
compensating gage is mounted on a 
Piece of unstressed material mounted 
close to the measuring gages. 

In the above circuit, the tempera- 
ture-produced resistance changes in 
gage leads, as well as the switch resist- 
anees appear in series with a high-re- 
sistance bridge arm instead of the low- 
resistance gage. (Resistance in the gal- 
vanometer branch is unimportant; 
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Fig. 8. Compromise Bridge. 


since at balance, no current flows.) 
Much of the lead-resistance error is 
balanced out, because similar resist- 
ances appear in adjacent bridge arms. 
Much of what remains is eliminated 
through the use of separate current 
and potential leads so that this cir- 
cuit can actually provide results not 
much less accurate than those from a 
Kelvin bridge. For such special uses 
as installations of low-resistance (6 
ohm) strain gages used in measuring 
extremely localized stresses, this cir- 
cuit is perhaps the most suitable we 
have. In a series of tests for gage sta- 
bility, it gave results better than those 
of a potential-drop method and nearby 
as good as those with the circuit of 
Fig. 7. In stability, the three methods 
may be rated in this order: 


Potential-drop method — 5 micro- 
inches per inch uncertainty. 
Compromise bridge — 3 microinches 


per inch uncertainty. 

Kelvin bridge — 1-1/2 to 2 micro- 
inches uncertainty. 

As a result of the work just men- 
tioned, it appears that carefully 
mounted and completely unstressed 
gages can serve as adequate standards 
for most work. Maximum safety, how- 
ever, requires that some independent 
standard be used occasionally to check 
the working standards. 

Actual operating instructions for 
the circuits described are not given. 
These circuits respond to the same 
treatment as any other high-accuracy 
bridge. One precaution may be men- 
tioned—potential contaminations must 
be reduced as much as possible for 
convenience in operation and the re- 
maining effect handled either in the 
manner described under Sources of 
Error, or by the use of a false zero. 


Temperature Compensation 

The temperature change in resist- 
ance of an installed resistance strain 
gage is a function of the thermal ex- 
pansion of the specimen metal, of the 
adhesive and the insulating support of 
the gage wire, of the thermal expan- 
sion of the gage wire, and to a small 
extent of the temperature change in 
resisitivity of the gage wire material. 

If a gage is attached to a metal 
whose thermal coefficient of expansion 
is the same as that of the gage wire, 
the two metals expand together as the 
temperature increases; and there will 
be a very small change in gage resist- 
ance (only that due to the tempera- 
ture change in resistivity). If the gage 
is attached to a material having differ- 
ent thermal expansion characteristics; 
then as the two expand on increasing 


temperature, the gage will experience 
either tension or compression, depend- 
ing upon whether the gage has a lower 
or higher thermal expansion than the 
specimens. 

So far as the gage is concerned, it 
appears to have a thermal expansion 
coefficient equal to the difference in 
thermal coefficients of the gage metal 
and the specimen material. (It is con- 
sidered that the paper and adhesive 
used have an elastic modulus so small 
compared to that of the material as 
to be negligible.) 

It is difficult to determine the ther- 
mal coefficients to use for compensa- 
tion except by experimentation. Gage 
wire material varies considerably and 
frequently is not easy to identify. Also, 
gage adhesives, mountants and protec- 
tives do have an effect upon the stiff- 
ness of the combination in many cases. 

A test may be made by mounting a 
gage of the family being used on a 
piece of unstressed specimen material 
of the same thickness as the specimen. 
Gage resistance may then be plotted 
against temperature to give data which 
is then valid for use in computation. 
Care must be taken to eliminate lead- 
resistance errors during the test. 

A recent test with a popular type of 
wire resistance strain gage showed 
that on steel (for which the handbook 
gave a coefficient of thermal expansion 
of 12 microinches per inch per degree 
centigrade) the indicated temperature 
strain was about 2.5 microinches per 
inch per degree. For aluminum (hand- 
book figure 25 microinches) the indi- 
cated temperature strain was about 
14 microinches per inch per degree. 
The thickness of the steel was 0.018 
inch and the aluminum 0.090 inch. If 
(as the handbook says) the constantan 
gage wire had a coefficient of 12 micro- 
inches per inch per degree, the data 
indicates that, for the aluminum, the 
effective coefficient with the gage in 
place is equal to the difference in the 
two coefficients. But, for the gage on 
the thin steel, other effects obscured 
the anticipated one. 

Where possible, it is best to use the 
common form of compensating gage 
arrangement—a gage similar to the 
measuring gages, mounted on un- 
stressed material similar to the speci- 
men material and placed close to the 
measuring gages. This provides both 
temperature compensation for gages 
and lead. When this is not possible, 
the procedure outlined above is effec- 
tive. 
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Application of Electronic 
Process Control to Oil Refineries 


By W. T. MARCHMENT* 





Abstract. The paper describes and illus- 
trates the principle of operation and appli- 
cation of an electronic process control system 


to oil refining plants. 


Transmitters are described showing how 
the measured quantity is converted into a 


d-c current for operating electronic control- 
lers. 

The basic diagram of a controller is shown, 
and the principle of operation fully described. 

An electronically controlled installation 
having a conventional panel layout is de- 
scribed and illustrated with reference to opera- 
tional experiences. 

A description of equipment for two further 
installations is given in which full advantage 
has been taken of the flexibility of electrical 
measurement, 


— describing the Electronic Pro- 
cess Control System, which forms 
the subject of this paper, it is thought 
desirable to refer to the background 
which influenced this development. 


Considerable experience in the appli- 
cation of electrical measurement to 
many industries had demonstrated the 
inherent flexibility and reliability of 
electrical transmitting systems. 

Electrical transmitters had been oper- 
ating satisfactorily for a number of 
years under adverse conditions in many 
industries. 


In steel works the need for centraliza- 
tion of flow meter readings demanded 
a system of transmission which would 
transmit over widely separated points 
of measurement distributed over the 
whole works. In addition, meter read- 
ings were required to be integrated or 
totalized at the central point and in 
some cases, summated to indicate the 
total readings of a group of meters. 


In Steel, Gas and Chemical Works, 
gas pressures and gasholder stocks 
were transmitted electrically. In many 
cases the signals were used to control 
valves and maintain constant level of 
gasholders, or pressure in distribution 
mains. 

Electric transmission was also being 
used in hydro-electric and water supply 
undertakings for both measurement and 
control. Such schemes involved the meas- 
urement and control of pressure, flow 
and level. 

In water schemes, complete pumping 
plants were automatcally controlled in 
terms of level or pressure. In some 
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cases, the speed of pumping was propor- 
tional to the measured variable. 

Sluice gates and valves in Hydro- 
Electric Plants were automatically posi- 
tioned to regulate level and flow. 

With such evidence of the reliability 
of electrical indication and control and 
the advance made in the technique of 
servomechanism, it was logical to con- 
sider its application to the process in- 
dustries. 

In the equipment about to be de- 
scribed, a current transmitting system 
is used, and it will be seen that the 
operation of the controller is based on 
a modified application of the same 
system. 





















































Fig. 1. 


Measuring and Transmitting Units. 


Transmitting System 

The principle of operation of the 
transmitting system for all measuring 
elements is shown basically in the dia- 
gram of Fig. 1. 

The transmitter is a torque balancing 
device in which the torque exerted by 
the originating movement is balanced 
by the torque of a coil operating in the 
cathode circuit of a thermionic tube. 
The balancing coil is connected in series 
with simple milliammeter movements in 
Indicators, Recorders and Controllers, 
which therefore receive signals propor- 
tional to the measured quantity. When 
in balance, a contact connected to the 
grid of the tube and carried by the bal- 
ancing coil is in a neutral position be- 
tween two fixed bias contacts, the volt- 
age on the grid being maintained by a 
storage capacitor between grid and 
cathode. 


Any unbalance created by a change jp 
the quantity being measured causes the 
grid contact to touch the positive o 
negative bias contact, thereby raising 
or lowering the plate current until th 
system is again in balance. The trans. 
mitter compensates automatically fg 
any change in supply voltage, circuit 
resistance, or frequency. 
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Fig. 2. Displacer Level Transmitter 


Level 


For the measurement of level unde 
pressure, a displacer type level detecting 
element is used, as shown in Fig. 2. 

Variation in level changes the ap 
parent weight of the displacer whichis 
measured by a calibrated spring. The 
displacer is connected to a pivoted lever 
which operates through a bellows seal 
and winds up a small spring whos 
torque is therefore proportional to level 
The spring torque is opposed by that 
the balancing coil previously described 
and shown in Fig. 1. The current in the 
coil is therefore a measure of level. 


Specific Gravity 


The level displacer, shown in Fig. 3 
is used for the measurement of 8 
gravity in ranges down to 0.2 SG, 
this application, the displacer is fitted 
with a bellows at the lower end W 
is filled with liquid having the Same 
temperature coefficient as the liquid 
ing measured. The readings are 
compensated for any temperature 
ation. 

For very sensitive measurements df 


ISA Jowrnd 








speci 
disp] 
displ 
direc 
the | 
show 
0008 
instr 


SSP? Se Ges i 


7 B&F 


FRaeteea se 








&B ag FEF ESR Se 









































Fig. 3. Flow Transmitter. 


specific gravity, a modified form of the 
displacer principle is used in which a 
displacer force on one side of a beam is 
directly balanced due to the current in 
the coil. Tests on a pilot plant have 
shown that sensitivities in the order of 
0005 can be achieved, the range of the 
instrument being .025 SG. 


Flow 


The flow transmitter is shown dia- 
grammatically in Fig. 3. The mano- 
meter is fabricated from stainless steel 
tube to form the measuring and range 
tubes. 

A cylindrical magnet, polarized along 
its axis, floats on mercury in the meas- 
uring limb of the manometer and exerts 
a repelling force on a pivoted strip mag- 
net which is mounted externally and 
carries a balancing coil. 

With zero differential, the repelling 
force acts through the fulcrum of the 
pivoted magnet; and therefore, no turn- 
ing moment exists, and the balancing 
current is zero. With a change in mer- 
cury level, the cylindrical magnet rolls 
to a position away from the fulcrum, 
producing a turning moment and de- 
flecting the balancing coil. In deflecting, 
the appropriate bias contact is made 
and the plate current varied, until the 
torque exerted by the coil balances that 
due to magnetic repulsion. 

The current in the coil and instru- 
ments connected in series is, therefore, 
proportional to the differential head. 

Where it is desired to transmit cur- 
tent proportional to flow, a current 
Squaring device is used in the form of 
a dynamometer balancing coil. The 
transmitter may then be connected to 
milliampere hour meters for integration 
or totalization. 


Temperature 


For measurement of the small poten- 
tials generated by thermocouples, a 
Modified form of the transmitting sys- 
tem shown in Fig. 1 is used. 

In this case, however, the transmitter 
operates as an EMF balancing device, 
as shown in Fig. 4, and is essentially a 
Tesistive feed back amplifier. The ther- 
mMocouple EMF is balanced by a feed 
back voltage derived from resistor No. 3 
in the cathode circuit of a thermionic 
valve. The plate current 0 to 30 ma is, 

tefore, proportional to the thermo- 
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THERMO — COUPLE REPEATER 
Fig. 4. Temperature Diagram. 
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couple EMF and may be used to operate 
Indicators, Recorders and Controllers. 

Any unbalance is detected by a robust 
moving coil galvanometer carrying a 
shutter which controls the amount of 
light on two photo-electric cells con- 
nected in a bridge circuit. The bridge 
voltage is applied between grid and 
cathode of a thermionic tube, thus vary- 
ing the current to bring the system 
again in balance. 

An output of 30 ma is obtained for 
an input of 10 millivolts; and due to 
resistive feed back and consequent high 
input impedance, the thermocouple cir- 
cuit resistance is not critical. 


Cold Junction Compensation 
And Range Suppression 


A temperature sensitive bridge (No. 
5) is used to effect cold junction com- 
pensation. A _ resistance thermometer 
element forms one arm of the bridge 
and is located near the galvanometer 
coil. A proportion of the bridge output 
is in series with the thermocouple and 
provides a compensating voltage for 











changes in ambient temperature. 

For suppressed ranges, the values of 
the fixed arms of the bridge are chosen 
to provide a backing off voltage. 

A constant voltage for the temper- 
ature sensitive bridge is achieved by a 
further bridge network which includes 
a stabilizing lamp. 


Three-Term Controller 


A functional diagram of a three-term 
Controller is shown in Fig. 5. 

The Transmitter torque balancing 
coil (No. 1), previously referred to, 
forms part of the measuring unit and 
provides a current of 0 to 30 ma. pro- 
portional to the measured quantity. 

The proportional and integral units 
are current balances and operate in a 
similar manner to the Transmitters. The 
voltage applied to the grid of the ap- 
propriate tube, however, is modified by 
unbalancing the light distribution on 
two photo-cells forming part of a bridge. 


Desired Value 


The desired value is established by a 
current derived from a Neon stabilized 
supply, the value being controlled by a 
variable resistor (No. 4). It will be seen 
that this current (I.c.) provides the 
reference with which the measuring cur- 
rent (I.m.) is compared. 


Proportional Action 


The current:I.c. and I.m. are com- 
pared by feeding them in opposition 
through one winding of a double coil 
movement (No. 14). A change in the 
measuring current deflects the move- 
ment and unbalances the photo-cell 
bridge connected to the grid of tube 
(No. 18). This plate current passes 
through a second winding of movement 
(No. 14) and the coil of the valve posi- 
tioner (No. 8). The current required to 
rebalance the bridge is the difference 
between the desired value and measur- 
ing currents and represents the error in 
the system. 
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Fig. 5. Controller Diagram. 
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Technical Section--Continued 





A further current, derived from rec- 
tifier (No. 6), is fed in opposition 
through the same circuit, producing a 
center zero current in the second wind- 
ing of movement (No. 14), and a cur- 
rent 1 P.R., which can change in magni- 
tude and direction. 

The sensitivity of valve response or 
proportional band is varied by a differ- 
ential shunting resistance between the 
coils of movement (No. 14), the tapping 
point of which may be adjusted to give 
band widths from 2 to 600 per cent. 


Integral and Derivative Action 

Integral of the error is obtained by 
feeding the current 1 P.R. through a 
movement (No. 16), whose deflection is 
proportional to the magnitude of the 
error and disturbs the balance of light 
falling on two photo-cells. The photo- 
cells form part of a current bridge, the 
output of which charges the capacitor 
(No. 17) connected between bridge and 
cathode of tube (No. 15). The plate 
current is passed through the coil of the 
valve positioner. 

The voltage across the capacitor rep- 
resents the integral of the error with 
respect to time. The integral time is 
governed by the intensity of light fall- 
ing on the two photo-cells. It may be 
varied by a resistor included in the 
lamp circuit which is calibrated from 
0.2 to 60 minutes. 

In order to produce a further com- 
ponent dependent on the rate of change 
of error, the current 1 P.R. is also 
caused to pass through resistor (No. 5), 
which is connected to a circuit including 
capacitor (No. 19) and resistor (No. 
20). 

During an error current change, the 
voltage across resistor (No.5) produces 
a charging current to capacitor (No. 
19); and therefore, a voltage across 
resistor (No. 20) which is applied to 
the grid of tube (No. 15). A derivative 
component is thus added to the integral 
component. The resistor (No. 5) is vari- 
able and is calibrated 0-10 minutes 
derivative time. 





Fig. 6. Controller—outside view. 
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Manual Control 


When under manual control, the Con- 
troller output, shown on Indicator No. 
11, is fed into a second winding of move- 
ment (No. 16), in opposition to a man- 
ual control current derived from an en- 
tirely separate rectified supply which 
also passes through the valve positioner 
coil. When the manual control current 
is varied by resistor (No. 12), the move- 
ment will be unbalanced and the con- 
troller output current automatically 
changed to a value equal to the current 
passing through the valve positioner 
coil. 

Transfer from manual to automatic 
control may be made, therefore, without 
disturbing the stability of the process. 


Construction of Controller 


A typical Controller, as used in con- 
ventional panel layouts, is shown in 
Fig. 6. The case is constructed to form 
a flameproof enclosure and may, there- 
fore, be used in hazardous atmospheres. 

Proportional, integral and derivative 
adjustments are mounted on the cover 
of the case with indicators showing Con- 
troller cutput and measured value. Fur- 
ther calibrated adjustments are pro- 
vided for manual control and desired 
value. Manual or auto control is effected 
by a three-position switch labelled Serv- 
ice, Hand and Auto. The service position 
enables the Controller to be serviced 
while under manual controi. 

The various components are mounted 
on trays which are plugged into the 
rear of the case, as shown in Fig. 7. 
One tray also includes the thermionic 
tube and associated power supply of the 
transmitting unit. 


Valve Positioner 

The Controller output is fed to th 
coil of the valve positioner, Fig, 8, The 
coil operates in the field of a permanent 
magnet and is attached to one end of, 
pivoted beam, the other end having g 
flapper covering the nozzle of a loy. 
bleed air relay. 

The torque exerted by the coil is pr. 
portional to the Controller output eyy. 
rent, and is opposed by the torque of g 
spring which is varied by a lever egp. 
nected to the valve stem. 

Any change in output current will yp. 
balance the beam and cause the flapper 
to move relative to the nozzle and jp. 
crease or decrease the air pressure on 
diaphragm A of Fig. 8. 

In the balanced condition, the foree 
on diaphragm D equals that on A; but 
with an increase in pressure on A, the 
hollow plunger (B) is moved and the 
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Controller, with trays removed. 
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spring loaded valve (C) opened to ad- 
mit air to the head of the control valve. 
With a decrease in pressure on s. the 
hollow plunger is moved away from its 
seating and the valve head connected to 
t. 
ge be seen that the valve stem 
moves in an appropriate direction and 
varies the torque of the spring until it 
equals that of the coil. The valve posi- 
tion is directly proportional to the out- 
put current from the Controller, or, 
0-15 mA is equal to 3-15 lbs. air pres- 


sure. 


SO. EXTRACTION PLANT 


Although preliminary tests had been 
made on a pilot plant, the instrumenta- 
sion on an SO, unit represented the first 
full scale application of the Electronic 
Process Control System. 

The plant was designed for a through- 
put of 400 tons per day, and is now 
operating at about 500 tons daily to 
produce premium grade Kerosene. 

The instrumentation consists mainly 
of level, flow, and pressure control with 
associated electrical alarms for high 
level and etcess pressure. Four temper- 
ature controllers are the only instru- 
ments on the plant which are not elec- 
trically operated. 


Control Room Panel 

A conventional type of panel is pro- 
vided in the Coatrol Room, a portion of 
which is shown in Fig. 9. Seventeen 
levels, four flows, and three pressures 
are automatically controlled. The Con- 
trollers shown are the original type and 
were changed to the type described in 
this paper after operating continuously 
for fifteen months. The modifications in- 
cluded the provision of indicators for 
the measured value and controller out- 
put on the cover, and the re-arrange- 
ment of the settings concerned with the 
three terms. 

Only one example of cascade control 
exists on the SO, plant, in which a pro- 
portional interface level controller re- 
sets a flow controller. This is achieved 
by the simple expedient of feeding the 
output of the level controller into the 
desired value circuit of the flow con- 
troller, terminals being provided for this 
purpose. 

The remainder of the Panel, as erected 
in the Works before dispatching to Site, 
is shown in Fig. 10. 

The dise chart recorders have moving 
coil milliammeter movements, the charts 
being driven by flameproof synchronous 
motor clocks. 


Alarm System 


An alarm system is provided to give 
an audible and visual warning should 
a high level occur in two traps con- 
nected to the suction side of two com- 
Pressors. Displacer level transmitters 
Provide a signal current to an alarm 
cireuit shown in Fig. 11. The signal is 
received by moving coil relays having 
contacts which may be adjusted to any 
predetermined level. 

N operation, the moving coil relay 
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Fig. 10. SO2 Panel as erected in the Works. 





Fig. 12. Section of Alarm Panels. 





energizes a secondary relay, which 
closes the circuit to warning bells and 
lamps. Should the alarm condition be 
ignored for any reason, a second mov- 
ing coil relay, with contacts set at a 
higher level, automatically shuts down 
the appropriate motor-driven com- 
pressor. 

A similar alarm system is used to give 
warning should the steam condensate 
from the evaporators be contaminated 
with SO.. The detector is a conductivity 
meter connected to an ohmmeter move- 
ment type alarm relay. The contact is 
set at a value representing high conduc- 
tivity due to contamination by SO,. 

The alarms described are shown on 
Panels 1 and 5 in Fig. 12. 

Cancellation buttons are provided for 
cancelling the audible signal and leav- 
ing on the visual signal, and these are 
arranged to automatically reinstate the 
alarm circuit when normal conditions 
are resumed. 


Transmitters on the Plant 


Displacer level transmitters, mounted 
on columns, are shown in Fig. 13. The 
bodies are of welded steel construction 
and suitable for a working pressure of 





Fig. 13. Displacer Level Transmitter on 
Plant. 
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Fig. 11. Level Alerm diagram 
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Technica! Section--Continued 








Fig. 14. Flow Meter Transmitter on Plant. 


600-lbs. per square inch. The displacer 
float and bellows seal are in stainless 
steel. An external adjustable spring is 
provided which enables the units to be 
calibrated for different fluid densities. 

The flow meters, Fig. 14, show clearly 
the simple stainless steel construction 
of the manometer, and the transmitting 
unit which clamps round the measuring 
tube on the right-hand side. 

As previously mentioned, the meters 
operate on a magnetic force balance 
principle, thus making it possible to 
dispense with glands. The meters are 
constructed for a working pressure of 
1,500-lbs. per square inch. 

The pressure transmitters shown in 
Fig. 15 consist of pressure elements 
which vary the torque of a helical spring 
proportional to pressure. The torque is 
balanced by the transmitter coil, as pre- 
viously described. 





Fig. 15. Pressure Transmitter on Plant. 


The Equipment in Service 

The most outstanding point when 
commissioning the plant was how 
quickly the operators accepted an en- 
tirely new system of control. To some 
extent, this was due to the knowledge 
that controller component trays could 
be readily changed if necessary and that 
an entirely separate circuit existed for 
hand control. It is, however, interesting 
to note that only two trays have been 
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used as spares during an operational 
period of fifteen months. 

The highly corrosive nature of the 
liquids and gases dealt with in an SO, 
plant proved a valuable test for the 
equipment mounted in the plant; but 
only minor changes were found neces- 
sary, and these were mainly concerned 
with the finish of materials. 

While the instrumentation of an SO, 
plant is not complex, it has proven the 
reliability of an electrical process con- 
trol system operating with a minimum 
of maintenance. 


RE-RUN PLANT 


The centralized control desk about to 
be described forms a self-contained unit 
and includes controllers, indicators, re- 
corders and control adjustments. The 
indicators are arranged to form part 
of a mimic diagram. 

A portion of the instrumentation lay- 
out is shown schematically in Fig. 16. 
It represents the left-hand side of the 
desk, and shows the connections to the 
various transmitters in the plant. The 
complete scheme comprises 24 measur- 
ing and transmitting units for flow, 
pressure and level, and six vapour pres- 
sure thermometers being used as orig- 
inating movements to convert pressure 
into a measuring current of 0-30 mA. 

Two self-balancing recorders are used 
for recording flow. A further one oper- 
ates from thermocouples being used for 





temperature. Manual selection of 4 
points is also provided by a Self-bal. 
ancing potentiometer indicator, 


Controller Adjustments 


As dist‘nct from the conventional 
Panel shown previously, the controller 
adjustments are mounted on the front 
of the desk below the mimic diagram, gs 
shown in Fig. 17. Those for propor. 
tional, integral and derivative Settings 
are protected by a sliding cover which 
may be locked if necessary. 

The desired value, manual, and Hand 
Auto controls, are mounted on miniature 
panels together with an indicator shoy. 
ing the controller output or valve posi. 
tion. 





Fig. 17. Controller Desk. 


Flow Recording 

The input to the self-balancing poten- 
tiometer flow recorder is 10 mV. andis 
derived from the voltage drop across 
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Fig. 16. Part Schematic Diagram of Re-Run Unit. 
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a shunt carrying the flow transmission 
current. The flow meters are provided 
with current squaring balancing coils. 
The transmitted current, therefore, is 
linear with flow. 

Permanent records of flow are pro- 
yided by six and twelve point recorders 
operating from ten flow transmitters. 
The twelve point recorder makes avail- 
able a further six records which may be 
selected by switches. Each switch has 
two positions enabling six out of twelve 
measurements to be _ recorded. The 
selected records include certain pres- 
sure, flow and level measurements, for 
which permanent records were con- 
sidered unnecessary. 


Mimic Diagram 

An enlarged view of the mimic dia- 
gram is shown in Fig. 18. The meas- 
ured quantities are indicated on minia- 
ture edgewise milliammeters arranged 
as part of the diagram. In some cases, 








Fig. 18. Enlarged view of Mimic Diagram. 


duplex indicators are used; the upper 
scale indicates the measured value and 
the lower scale the desired value, the 
latter being controlled by the calibrated 
desired value adjustments. 

The temperature points, which are 
manually selected, are represented by 
colored lamps on the diagram. These 
light up to confirm the particular point 
selected. 


Controllers 


The controller components are 
mounted on trays in air purged cases 
arranged in banks and contained in the 
rear of the desk, as shown in Fig. 19. 
The trays may be readily removed for 
replacement or inspection. This is 
clearly indicated in Fig. 20. 

A further view of the desk, as in- 
stalled on Site, is shown in Fig. 21. The 
six point temperature recorder and 
twenty-four point temperature indi- 
tator, can be seen on the right-hand 
wing. 

: The equipment mounted in the plant 
in Fig. 22 includes transmitters for 
Pressure, level and flow. 
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Fig. 19. Back of Control Desk showing Controllers. 






Fig. 20. Control Desk showing removal of 
trays. 


Fig. 21. Desk as mounted on Site. 


THE INSTRUMENTATION 
OF OTHER PLANTS 


It may be of interest to refer to some 
new features which are included on Cat.- 
Polymer and Topping Units in course 
of construction. 

Miniature recorders of the tapping 
type, having a chart width of two 
inches, will be used for all measured 
quantities and will be mounted on the 
side wings of the control desks. 

Certain flow meter readings will be 
integrated or totalized by milliampere- 
hour meters included in the transmitter 
circuits. 

For the Topping Units, the control 
adjustments will be mounted on minia- 
ture panels forming part of the Mimic 
Diagram. The panels will include the 








. Pressure, Level and Flow Meters 
mounted on Re-Run Unit. 


calibrated adjustments for the three- 
terms, measured value, and controller 
output indicators, desired value and 
Hand Auto control. Temperature will 
be measured and controlled by resistive 
feed-back amplifiers mentioned earlier 
in the paper. 
CONCLUSION 

While in this paper a particular sys- 
tem has been described, it must be 
emphasized that electrical methods as 
a whole offer considerable advantages 
to the process industries. 

Apart from eliminating transmission 
lags between measuring and control 
elements in the plant, and the control 
instruments in the Control Room, a flex- 
ibility of measurement and control can 
be provided, which is not possible with 
any other medium, 

The signals of product quality vari- 
ables are in many cases of an electrical 
nature. For example: density, viscosity, 
Ph., humidity and conductivity. To these 
may be added the many end-point ana- 
lyzers which use the electrical medium 
for their operation, and will form part 
of the instrumentation of future plants. 

It will be appreciated that the signals 
from the quality detectors can readily 
be fed into the desired value circuits of 
electrical controllers, either directly, or 
via a computing circuit which will deal 
with a plurality of signals. 
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Continuous Recording Oximeters 


with Clinical Applications 





Abstract. By detecting the difference be- 
tween the light absorption of oxyhemo- 
globin and reduced hemoglobia by means of 
photoelectric colorimeters affixed to the ear, 
measurements can be made of the per cent 
saturation of oxygen in the blood. These 
ear oximeters have been adapted as record- 
ing instruments with the following ad- 
vantages over galvanometer type instru- 
ments: ruggedness, ready visibility, con- 
tinuous automatic recording in ink, and 
increased speed of response. They have 
been used during surgery, in studies of 
pulmonary function in patients and animals, 
and in teaching respiratory physiology. 


Bee physiological importance of ox- 
ygen in the maintenance of life 
emphasizes the need for a method 
whereby the saturation of oxygen in 
arterial blood can be measured. The 
ear oximeter is a photoelectric colori- 
meter which, by detecting the differ- 
ence in light absorption of oxyhemo- 
globin and reduced hemoglobin in the 
visible and infrared regions of the 
spectrum, determines the percentage 
of oxygen saturation of blood contain- 
ed in the ear. While neither a basic 
contribution to the theory of oximetry, 
nor a first account of recording oxi- 
meters, this paper is intended briefly 
to review the history and theory of 
oximetry and discuss the problems in- 
volved in instrumenting oximeters for 
clinical application. 


Physiological Aspects of Hemoglobin 


The red pigment hemoglobin is one 
of the most remarkable chemical sub- 
stances produced by evolution. By the 
reversible combination of oxygen with 
hemoglobin, approximately 250 cc. of 
‘oxygen, needed by the tissues of an 
adult each minute, is carried in only 
5 liters of blood. This is the average 
resting output of the heart per minute. 
Without hemoglobin the oxygen would 
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have to be carried in solution, accord- 
ing to Henry’s Law concerning solu- 
tion of gases in liquids. In this case, 
roughly 175 liters of blood would have 
to be pumped out of the heart each 
minute in order to provide the neces- 
sary oxygen. 

Hemoglobin has another remarkable 
property, that of turning from red to 
blue when no longer carrying oxygen. 
We are all familiar with the fact that 
individuals lacking oxygen turn blue. 
If a patient under observation is blue 
due to insufficient oxygen in the blood, 





Fig. 1. Recording oximeter unit no. 1. For 
operation with the Millikan-Coleman ear- 
piece shown, together with the calibration 
filter, in front of the modified Brown Elec- 
tronic Pyrometer. 


this danger signal should be detected 
at once so that steps can be taken to 
supply more oxygen. 

Unfortunately, the eye is too insensi- 
tive to detect a slight blueness of the 
blood, hence a spectrophotometric de- 
vice is of great value in detecting early 
oxygen insufficiency. 


History of Oximeter Theory 


The first descriptions of photoelectric 
methods for the measurement of oxy- 





gen saturation were published over 
twenty years ago in Germany'** 
Kramer demonstrated that Beer’s Lay 
of optical absorption may be applied 
to hemoglobin as it occurs in the cor. 
puscles of blood. His method was based 
on the fact that oxyhemoglobin trans. 
mits red light to a much greater degree 
than reduced hemoglobin. Kramer’s jn. 
strument, using red light impinging 
upon photocells, did not compensate 
for changes in hemoglobin concentra- 
tion. Matthes used simultaneous photo- 
graphic, plethysmographic, and photo- 
metric readings to compensate for this 
change in the quantity of blood. 


Millikan’s Oximeter 


The advent of World War II greatly 
accelerated research programs both in 
this country and abroad. The late 
Glenn Millikan***, working for the 
United States Air Force, developed the 
first practical ear oximeter in this 
country. Millikan compensated for the 
quantity of blood in the ear by bucking 
the electrical output of the photocell 
receiving red light, through a Wratten 
type 29F filter which was sensitive to 
changes in oxygenation of the blood; 
with a second photocell. This was 
covered with a Wratten type 61N green 
filter, obtaining an output indepen- 
dent of changes in the oxygenation of 
the blood. This is possible because there 
are several spectral regions, the 80 
called isobestic points, where the trans- 
mission curves for oxygenated and re 
duced hemoglobin cross over. 

Though Dr. Millikan believed he 
was using a cross over point in the 
green region, research by the Coleman 
Instrument Company proved otherwise. 
It showed that in the blood filled ear, 
passage of green light is almost totally 
blocked, and the cross over point at 
tually used with the green filter was 
in the near infrared region, about 800 
millimicrons. 

Millikan’s instrument is a relative 
reading device. It responds only 
changes in oxygen saturation and does 
not provide readings of the absolute 
value of saturation. In operation 
must be adjusted initially to a known 
value of saturation and can then de 
tect changes from this preset point 
Its initial setting may gradually change 
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i#t slightly. It, therefore, cannot 
dese Se metionts with chronic hy- 
emia without Van Slykes analyses 
for calibration. In spite of these limita- 
tions, the Millikan oximeter has had 
extensive use in the training of fliers 
during World War II, during studies 
of pulmonary and cardiac function”, 
during anesthesia”, ” and in the teach- 
ing of respiratory physiology. 


Wood Modified Oximeter 


The Wood oximeter, representing 
the first absolute reading oximeter 
puilt in this country, was described by 
Wood and Geraci", and by Wood”. 
Wood replaced the Wratten type 61N 
green filter used by Millikan with a 
Wratten type 87 filter for infrared. 
The end of a cylindrical light housing 
for the light bulb was covered with a 
thin piece of translucent rubber dam, 
and the housing was made air-tight. 
A small piece of tubing leading from 
this pressure capsule was fastened to 
a rubber hand bulb and an aneroid 
manometer. 


*Superior numbers refer to similarly num- 
bered references in Bibliography at the end 


of paper. 

In operation, the earpiece is placed 
straddling the pinna of the ear. When 
the pressure capsule is inflated with 
air at a pressure of 200 mm. of mer- 
cury, the pinna of the ear is com- 
pressed between the glass face of the 
photocell housing and the rubber dam 
and rendered bloodless. 


This manoeuvre enables one to de- 
termine how much light is absorbed 
within the ear by the blood alone, ex- 
clusive of the tissue. The light thus 
transmitted by the bloodless ear ex- 
ceeds the transmission of the blood 
filled ear by an amount equal to the 
absorption by the blood. This technique 
is used for both of the photocells, red 
and infrared. 

One can now measure the relative 
concentration of oxyhemoglobin by 
means of the photocell for red, and of 
total hemoglobin by means of the 
photocell for infrared. This is accord- 
ing to Beer’s Law which states, briefly, 
that the concentration of a light ab- 
sorbing substance is proportional to 
the logarithm of the quantity of light 
absorbed. 

In Wood’s double scale instrument, 
the ratio of the logarithms of the ab- 
sorption of red light to the absorption 
of infrared light is calculated by tak- 
ing readings from two galvanometers. 
One is connected to the photocell for 
infrared, the other to the photocell 
for red. A calibration curve relating 
per cent saturation to this ratio is 
then constructed, rendering the instru- 
ment capable of giving absolute read- 
ings, 

Wood’s single scale instrument uses 

Same circuit as the Millikan oxi- 
meter. However, it provides absolute 
teadings by virtue of an initial cali- 
bration procedure which gives, during 
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Fig. 2. Modified Millikan oximeter circuit used in unit No. 1. The earpiece contains the two 
photocells marked If Cell and Red Cell and the earpiece light source bulb. 


initial setting of the controls, first, a 
standard voltage for all individuals for 
the transmission of infrared light 
through the ear, and second, an equal, 
virtually full scale deflection for both 
photocells on the bloodless ear. By this 
means, one calibration scale for per 
cent saturation may be used on all 
individuals, colored as well as white. 

Two of the advantages of the Wood 
oximeters are: (1) they can be used 
to measure the oxygen saturation of 
chronically cyanotic patients whose 
blood does not reach 100 per cent sat- 
uration even when breathing pure oxy- 
gen and, (2) the instrument may be 
reset at any time to minimize errors 
due to drift. 

Credit must be given to the work 
of Goldie” who first developed the 
method of rendering the ear bloodless 
by mechanical compression, for this 
was a necessary step in developing an 
absolute reading oximeter. 


Development of Recording Oximeters 


The output voltage from the Milli- 
kan or Wood single scale oximeter is 
of the order of 1 millivolt or less. While 
sufficient to swing a very sensitive 
galvanometer, this voltage is not large 
enough to drive a stable, direct coupled 
amplifier which operates the recording 
device. 

Millikan” solved the problem in 1942 
by using photoelectric amplification. In 
this technique, a beam of light, re- 
flected from a mirror mounted on the 
moving coil of the galvanometer, comes 
to fall on various portions of adjacent 
photocells. The output of the photocells 
is led to a direct coupled amplifier 
which operates the recording device. 

In 1944, Hemingway and Taylor” 
constructed a recording oximeter which 
utilized a new type of high gain 
contact modulated amplifier developed 


by Liston and associates*. Another 
recording oximeter using this type of 
amplifier was described in 1948 by 
Hartman, Behrmann, and Chapman™ 
who, with their colleagues”, “, * have 
had extensive clinical and research 
experience with their recording oxy- 
hemograph. 

Using detecting units of modified 
design, Elam and associates“, “ have 
utilized the Liston-General Motors am- 
plifier in their recently developed re- 
cording oximeter. A condenser modu- 
lated amplifier, employed in the Fox- 
boro Dynalog Recorder was used by 
the Coleman Instrument Company in 
a recording Anoxia Photometer manu- 
factured in 1949. 

Goldie” was the first to use a chopped 
light source on the earpiece with 
straightforward condenser coupled am- 
plifiers driving a ratiometer. Basing 
his device on the calibration system 
later used by Wood, his amplifiers op- 
erated a ratiometer, the deflection of 
which represented the per cent oxygen 
saturation as the ratio of the outputs 
of the two photocells. Paul”, “ carried 
on the work of Goldie, and in a forth- 
coming paper will discuss improve- 
ments of the chopped light source ear- 
piece. 

In 1950 we assembled a recording 
oximeter utilizing, a Brown Electronik 
Pyrometer Potentiometer. This instru- 
ment contains a chopper or contact 
modulated amplifier in a servo oper- 
ated recording potentiometer circuit. 


Clinical Application of 
Recording Oximeters 

The first of our recording oximeters 
was assembled in January, 1950; be- 
cause it was believed that it would be 
useful in the treatment of a case in 
which it became necessary for one of 
the authors to undertake closure of 
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Technical Section— Continued 








Fig. 3. Recording oximeter unit no. 2. For 
vse with the Millikan (relative reading) or 
Wood (absolute reading) earpiece. A Wood- 
Waters Conley oximeter earpiece with a 
Cannon plug connecting it to the control 
box is shown. 


several arteriovenous shunts in a pa- 
tient’s lung. The other lung had been 
removed seven years earlier for the 
same condition”. The resulting instru- 
ment contributed materially to the 
successful management of the case”, 
not only at operation, but as a means 
of evaluating the pulmonary reserve 
of the patient before and after opera- 
tion. In the ensuing three years, the 
five recording oximeters built in our 
laboratory have been used in the Uni- 
versity of Chicago Clinics and in the 
Municipal Tuberculosis Sanitarium of 
Cook County on over 300 patients dur- 
ing surgery. In addition, they have 
been used in pre and postoperative 
studies of pulmonary function on over 
100 patients, in studies of pulmonary 
function on animals with experimental- 
ly produced pulmonary lesions, and in 


measurements of cardiac output in in- 
fants and children by the dye method 
of Nicholson and associates”, in deter- 
mination of saturation of blood with 
carbon monoxide by a new method”, 
and in the teaching of laboratory exer- 
cises in courses in mammalian physi- 
ology. During this period the recording 
oximeters have been found to possess 
certain advantages over the galvano- 
meter type instruments, as follows: 

(A) Ruggedness: The readings of the 
unit are virtually unaffected by the 
occasional jostling which any instru- 
ment may receive in the close quarters 
of the operating room. Moreover, the 
instruments themselves are not readily 
damaged by vibration, as shown by the 
fact that two of them were recently 
transported 900 miles by automobile 
without special packing and functioned 
satisfactorily upon arrival at their des- 
tination and upon return. 

(B) Visibility: By means of elec- 
tronic amplification a pointer moves 
8 to 12 inches along a scale, permit- 
ting ready visibility on the part of the 
surgeon. 

(C) Continuous automatic recording 
of the oxygen saturation has been ob- 
tained on permanent charts showing 
the complete time course of changes 
in oxygen saturation occuring during 
surgery, during the use of various 
types of anesthetics, and during studies 
of pulmonary function on human be- 
ings and animals. 

(D) Speed of response: Two of 
these instruments have a period, or 
response time of approximately one 
second, representing a fraction of the 
response time in the galvanometers 
regularly used with barrier cell oxi- 
meters. This rapid response has r°- 
vealed many interesting physiological 
changes heretofore unnoticed. 



































Fig. 4. Modified Millikan and Wood oximeter circuits as used in the control box of record- 
ing oximeter no. 2. 
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Oximeter Design 
Of the five recording oximeters 
sembled in our laboratory, three 
used Brown Recording Potentiomets 
as the indicating instrument. In op 
to increase the input impedance, 
the amplifier gain, and narrow 
span of the input voltage, 
modifications of the standard Bre 
instrument are necessary. These 7 
fications have been discussed in ¢ 
and have been published in a preyiogy 
paper”. Recently the Brown Instm 
ment Company has made available 9” 
new narrow span instrument with 100 









Rec°rd ng oximeter unit no. 3. For 
earpiece or cuvette, 
single or double scale operation. Next t 
the stainless steel control box is the Ester- 
line Angus recorder. The Liston Folb coa- 
tact modulated amplifier is on the middle 
shelf and the earpiece battery is mounted 


Fig. 5. 
Wood-Waters Conley 


on the lower shelf. Mercury switches for 
operating the chart drive of the recorder 
and to turn on the amplifier are located to 
the left of the battery. On the table in front 
of the control box is the Wood-Waters 
Conley earpiece, together with its three 
calibration filters and the pressure gauge 
for inflating the earpiece capsule. 


microvoit full scale sensitivity. This 
instrument can be used without any 


modifications and has proven successful. , 


The other two instruments utilized 
the Liston-Folb contact modulated am- 
plifier and separate recording units. 
An Esterline-Angus recorder was used 
with one unit, and a Brush recorder 
with a supplementary driver amplifier 
was used with the other. 

Since these instruments are used it 
the presence of highly flammable 
anesthetics and gases, every precal- 
tion has been taken to reduce the 
possibility of spark hazards. All stand- 
ard switches carrying any power af 
completely removed and replaced with 
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Fig. 6. Recording Oximeter unit no. 4. The 
Wood-Waters Conley earpiece control box 
and galvanometer are on top of the table. 
A Brush recorder is located to the right of 
the galvanometer. The Liston-Folb ampli- 
fier is mounted on the middle shelf next 
to the Brush recorder driver amplifier. The 
battery is mounted below. 


sealed mercury switches. Battery con- 
nections are carefully soldered and all 
wires are firmly clamped to prevent 
insulation damage. A heavy ground 
lead is provided with a large clip, and 
the whole instrument is grounded when 
in operation. All plugs are clamped in 
place to prevent the possibility of their 
working loose. A routine maintenance 
is conducted monthly to insure the 
safeness of the instruments. 

We wish to emphasize, without any 
false modesty, that our contribution 
to oximetry is simply an empirical and 
practical approach to the problem of 
assembling a reliable instrument for 
clinical applications. We also wish to 
suggest possible trends in the develop- 
ment of the recording oximeter. 

The cost of the instrument must be 
reduced if it is to become a practical 
piece of hospital equipment. With well 
over 1000 hospitals in this country 
equipped with surgical facilities, an 
instrument that could sell for under 
$1000 should be financially possible. 
This reduction in cost should not be 
gained by sacrificing accuracy and sta- 
bility. Barrier type photocells have 
proven inexpensive and reasonably sta- 
ble when mounted in waterproof cases. 
The answer probably lies in the design 
of the amplifier and recorder. Paul", ™ 
by using a chopped light source, now 
appears to have eliminated the prob- 
lem of low level D.C. amplification, 
but servo type recording mechanisms 
are large and expensive. The solution 
here calls for a new type of recorder 
that is rugged, stable, easily read, and 
mexpensive — an interesting problem 
for the instrument engineer to con- 
sider, 


Summary 


By detecting the difference between 
the light absorption of oxyhemoglobin 
and reduced hemoglobin by means of 
Photoelectric colorimeters affixed to 

ear, measurements can be made 
of the per cent saturation of oxygen 
In the blood. These ear oximeters have 
been adapted as recording instruments 
with the following advantages over 
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galvanometer type instruments: rug- 
gedness, ready visibility, continuous 
automatic recording in ink, and in- 
creased speed of response. They have 
been used during surgery, in studies 
of pulmonary function in patients and 
animals, and in teaching respiratory 
physiology. It is hoped that by the 
application of modern instrument tech- 
niques, the cost of these units can be 
materially reduced thus permitting 
more hospitals to possess the advan- 
tages provided. 
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Carl R. Canfield, Jr. 


Abstract. The purpose of this paper is to 
point out some of the problems associated 
with the design and testing of Automatic 
Transmissions. The main text deals with 
the interpretation of certain malfunctions 
as they appear on the oscillograph record 
before and after correction. Examples of 
free engine acceleration, band slip, servo 
fill time and engagement bumps are in- 
cluded. 


_ day is passing when we could 
glance at the engine tachometer 
and a few oil gages and pass judgment 
on a new transmission. Today, with all 
car manufacturers featuring automatic 
transmissions, they can demand and re- 
ceive the best. Transmission design has 
progressed to the point where we have 
fewer giant strides of advancement to 
gain, but many small gains can be ob- 
tained where the improvements can be 
counted only in terms of 1 per cent or 
2 per cent. 

To detect such small gains of only a 
few per cent, requires an accurate 
means of obtaining data. In addition, 
the automatic transmission contains hy- 
draulic controls which must actuate with 
split second timing. 

To point out a few problems in trans- 
mission work for those not in the auto- 
motive field, let us look at Fig. 1.1 We 
are first concerned with the torque con- 
verter shown to the left in the figure. 
The converter acts as a torque multi- 
plier and fluid coupling between the 
engine and transmission. At this point, 
we need input rpm (engine speed) and 
output rpm and output torque. The con- 
verter output drives the gear train in 
the transmission. Holding the elements 
through different combinations of the 
bands and the disc clutch determines 
the operating gear ratio of the trans- 
mission. These components are actuated 
through hydraulic servo pistons. Here 
we must measure the pressure on the 
servo’s, reaction loads on the band an- 
chor pins. To change gears, one or more 
bands are released and another held. 





*!Research Engineer, Borg-Warner Central 
Research Laboratory, 706 So. 25th Avenue, 
Bellwood, Mlinois. 

** Experimental Engineer. Product Develop- 
ment Laboratory, Borg-Warner Corporation, 
8651 East Seven Mile Road, Detroit 34, Mich- 
igan. 

1 Symbols used in Figures are defined in Ap- 
pendix A. 
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This requires close split second timing 
to prevent overlap, which causes rough 
shifts, or under laping, which allows the 
engine to race during a shift. The term 
phasing as used in this paper refers 
to the setting of the overlap and under- 
lap conditions. 

The best way to measure such small 
time increments and to establish and 
evaluate other design parameters is 
through instrumentation. Such param- 
eters include the following: 

(a) Load carrying capacity of the 
bands, static and dynamic. 

(b) Rate of change of the pressure 
in the servos which actuate the bands. 
(Orifice size controls fill time and, there- 
fore, rate of pressure change.) 

(c) Pressure modulation (which af- 
fects band capacity and transitions from 
one element to another). 

(d) Dynamic coefficient of friction of 
materials used in bands and multiple 
dise clutches. 

(e) Converter stall speeds. 
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Cross section of the Studebaker automatic transmission. 


(f) Torque and speed ratios. 
(g) Free engine acceleration. 
(h) Drive line efficiencies. 


Evaluations of these parameters are 


made on existing transmissions with 


known characteristics. Through such 
tests, we can then determine what phys 
ical conditions must exist to give good 
gradeability, acceleration, smooth tran- 
sitions between elements when shifts 
occur and general good overall perform- 


ance. 


To evaluate such design parameters, 


all of the following dynamic physical 
conditions must be recorded simultane 


ously: 
(1) Engine speed. 


(2) Output torque of transmission. 
(3) Vehicle speed and distance. 


(4) Band reaction load (band 


torque). 


(5) Acceleration and deaccelerations. 
(6) Band and clutch actuating pret 


sures. 
(7) Draw bar pull. 
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Consolidated engineering instruments 

are used on all our vehicle road test 

s. A full scale setup would in- 

clude a nine channel recording oscillo- 

ph, a four channel carrier wave 

. amplifier and the eight channel d-c 
s bridge balance. 

Statham 1G accelerometers are used 

for all acceleration and brake tests. The 
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fifth wheel, shown in Fig. 2, drives a 
Weston Model 750 D. C. Generator, giv- 
ing a signal for vehicle speed; while a 
cam mounted on the fifth wheel axle ac- 
tuates a micro switch to give marker 
pips at 10 foot intervals. 

A Weston Model 750 D. C. Generator 
is also used to supply engine R.P.M. 
signal. Our propshaft torque pickup, 
shown in Fig. 3, is patterned after a 
design by William McConnell of the 
Ford Motor Company Proving Grounds. 
All pressure pickups used are built in 
the Borg-Warner Central Research Lab- 
oratory, as are the band reaction load 
pickups. These pressure and reaction 
load pickups are quite simple tc con- 
struct (as shown in Figs. 4 and 5) and 
yet are rugged and reliable in operation. 

In practice, the reaction load pickup 
replaces the anchor screw on the band. 
Thus, knowing the radius arm, we have 
an effective measure of the torque ab- 
sorbed by the band. Three pickups, one 
on each band, plus the output torque 
from the propshaft pickup, do a good 
job of accounting for losses between in- 
put and output torques. 

True input torques were obtained by 
running the transmission unit on an 
electric input and output dynamometer 
and obtaining an input torque at stall 
at the same engine R.P.M. obtained in 
the test vehicle. Then, by using the K 
curve of the converter, true input torque 
values were obtained for all speed 
ratios. 

To point out just how such things as 
clutch slip and good and bad shift en- 
gagements are studied, several records 
are included which illustrate these con- 
ditiens. 


Band Slip on Full Throttle Shift 
(Fig. 6) 

A typical record curve indicates band 
slip during wide open throttle shift. 
Slip was recorded at maximum torque, 
indicated by circle on oscillograph film 
trace. 

The portion of the curve that is cir- 
cled is the maximum band reaction load 
up to the point of slip. Band slip is rec- 











Fig. 6. Band slip on full throttle shift. 














Fig. 7. Band slip corrected. 


ognized on the trace by the square cutoff 
at the maximum deflection of the trace. 
Trace T indicates similar characteris- 
tics. This is output drive-shaft torque. 
Both values bear a direct relationship; 
therefore, the traces are similar but of 
different magnitudes. 

From the values recorded on trace G 
and trace B,, the actual coefficient of 
friction of the friction material was cal- 
culated. This measured coefficient has 
now become our new design factor for 
this particular friction material. 


Band Slip Corrected (Fig. 7) 


This record is a return of Fig. 6, but 
in this case, certain modifications were 
made in the unit to prevent the band 
slip. It can be observed from inspection 
of trace G and trace B,; that here, both 
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Fig. 8%. Acceleration run from standing start. 
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Fig. 9. Free engine acceleration 


traces rise to a certain value during the 
shift and recede very smoothly to the 
normal value of that gear ratio; the 
square cutoff in the trace is not present 
on Fig. 7. 


Acceleration Run from Standing Start 
(Fig. 8) 

This is a typical acceleration record 
from standing start, with engine idling 
and transmission in gear. This record 
is for an automatic tr<nsmission with 
torque converter starting in low gear 
and shifting with full throttle into in- 
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Fig. 10. Rough engagement characteristics of neutral to drive shift. 

































































saci 
— 
— 
! 
| 
] 
~~ mt 
++ ae ware 
™’ 
Bi A a 
my —_— —~—— 
Fig. 11. Corrected engagement characteristics. 


termediate gear. 


Several items of considerable interest 
are shown on this record. At the shift 
point, the following values are appar- 
ent: trace C., intermediate clutch preg. 
sure increases rapidly to a certain value, 
remains at that value for three-tenths 
of a second, then continues on to its 
ultimate maximum value. During this 
pause, which is caused by the seryo 
piston displacement, the forward band 
pressure trace B is reduced for that 
same amount of time. This condition 
could be serious if the band pressure 
receded to a low enough value. The band 
would allow the drum to slip and create 
an engine race. This condition cannot 
be detected with a pressure gage. The 
gage needle only flickers and cannot be 
read. 













































Free Engine Acceleration (Fig. 9) 

This record indicates the engine flex. 
ibility and its ability to accelerate from 
various throttle openings. The trace F 
shown is from 500 idle R.P.M. up to ap. 
proximately 5000 R.P.M. Other records 
were taken from 1000, 1500, 2000, 2500 
and 3000 R.P.M. up to 5000 R.P.M. Sey- 
eral free engine acceleration records 
were taken with different weight fly- 
wheels. A flywheel weight is chosen 
which gives a satisfactory engine idle 
and has the fastest accelerating rate, 
Engine flexibility is also related to en- 
gine design and not completely related 
to inertia of engine components. 


Rough Engagement Characteristics of ' 
Neutral to Drive Shift (Fig. 10) 

Typical record shows engagement 
characteristics of an automatic trans- 
mission with planetary gearing and 
torque converter, recording the shift 
from neutral to drive position. 

This can be observed on traces C,, B, 
T, E and A of this record. Trace C; re 
cords clutch pressure, trace B; records 
band pressure, trace 7 records output 
drive shaft torque, trace E records et- 
gine R.P.M. and trace A records accele- 
ration. 

The rate of pressure buildup in time 
and magnitude is observed from traces 
C;, and B,, which is transposed into 
engagement time. Trace 7 records & 
torque peak which is felt in the vehicle 
as an engagement bump. Trace E re 
cords the rate at which the engine is 
pulled down by this engagement. Trace 
A records the forward lurch which 3 
felt in the vehicle. 


Corrected Engagement Characteristics 
(Fig. 11) 

Typical record indicates improvement 
of this engagement when shifting from 
neutral to drive position. 

The same traces, C,, B:, T, E and A, 
record the same values. As can be ob 
served from traces C; and B,, the rate , 
of pressure buildup is of a more uniform 
nature; and the time for full pressure 
has been considerably increased. 
though the actual engagement time has — 
increased, torque to the drive shaft i — 
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delivered sooner. Trace T output torque 
definitely indicates this improvement. It 
is quite obvious that the actual engage- 
ment torque peak is only slightly above 
the normal output torque ratio with final 

ent. Trace E engine R.P.M. is 
of a more uniform nature and extended. 
Trace A, recording acceleration, is al- 
most nil, which indicates very little, if 
any, lurch in the vehicle. 


al al 


_ 
‘ 


Traces B,, B., B:;, T, E and A are used 
for analyzing this phenomena. Trace B, 
recorgs reverse servo applying pressure. 
Trace B; records first speed band pres- 
sure. Trace C; records forward clutch 
applying pressure. Trace T records out- 
put drive shaft torque. Trace E records 
engine R.P.M., and Trace A _ records 
acceleration. 
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| Fig. 12. Shock loads on drive line during shift cycle of forward to reverse. 
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| Shock Loads on Drive Line During 
} Shift Cycle of Forward to Reverse 
‘Fig. 12) 
Typical record indicates shock loads 
. on vehicle drive line during 
shifting cycle from forward to reverse 
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Fig. 13. Cerrected shock loads. 


with constant throttle setting. 

The results are of the same nature as 
obtained from Figs. 5 and 6. 

Fig. 13 shows a typical record indi- 
cating the improvement obtained in this 
shifting cycle. 


Band to Clutch Shift (Figs. 14 and 15) 

Figs. 14 and 15 record a band to 
clutch shift. This is a controlled shift 
by releasing a band and engaging a 
clutch to effect a gear change. Trace B; 
records the forward band pressure, and 
trace C, records the clutch pressure. 

In this particular design, the clutch 
was spring applied and released with 
hydraulic pressure. The band was hy- 
draulically applied and spring released. 
To complete the transition, the clutch 
pressure was released by controlling the 
oil exhaust flow; and the band servo 
pressure was applied through a re- 
stricted orifice. The proper phasing has 
always been a problem and will prob- 
ably continue to be for some time, but 
the time required to work out this phas- 
ing can be reduced considerably with 
this type of instrumentation. The 
amount of overlap can be recorded, and 
any change made can be immediately 
recognized. 

The portion of the trace 7, which is 
encircled, indicates an interruption in 
output torque which is due to some fric- 
tion element slipping. 

The cause for the output torque inter- 
ruption was later discovered with the 
anchor load pickup. The band apply 
force was inadequate, thus releasing the 
drum and allowing it to slip. This is 
also shown on Diagram 6, trace G, by 
the square cutoff portion encircled. 


It can be stated at this time that by 
analyzing the phenomena recorded, a 
new design transmission can be assem- 
bled and installed on a hydraulic flow 
machine or dynamometer. A shift qual- 
ity can be obtained comparable to those 
obtained on an existing transmission. 
By analyzing previous recordings of ex- 
isting transmissions, it is found that a 
certain degree of overlap or underlap 
can be tolerated. The degree of under- 
lap which allows the engine to race 
away during the shift can be deter- 
mined from two values obtained from 
recordings. One is the flexibility of the 
engine, determined from the free engine 
acceleration record. The other is the co- 
efficient of friction of the material, 
which determines capacity of clutches 
and bands as recorded during the band 
slip. To obtain proper phasing of the 
various elements, they are separated in 
the following manner: all shift positions 
are operated manually. The individual 
shifts are recorded for their entire 
speed range. The orifice and modulated 
pressure are determined and set for that 
value which provides a_ satisfactory 
shift. 

To illustrate the need for this type of 
electronic equipment in the automotive 
tield, the following problem and solu- 
tion is outlined. In a test transmission, 
a freewheel was used in conjunction 
with a band to carry reaction torque of 
a sun gear in a planetary set. During a 
particular manual shift, failures of this 
freewheel appeared. Our calculations 
were based on the previous standard for 
freewheel capacity, yet failures con- 
tinued. Therefore, dynamic load tests 
were recommended to definitely estab- 
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lish the load on this freewheel. To obtain 
this load, a diaphragm type load cell 
was constructed, which was fitted in 
place of the reactionary brake band 
anchor screw, to record actual anchor 


loads. When shock load on the anchor 
serew was recorded during this manual 
shift, it was found that the drum 
slipped. The chatter created by the band 
slipping under these high torques, intro- 
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Fig. 15. Corrected band to clutch shift. 


duced torsional disturbances, were 
main cause for the freewheel faily 
The band pressure was increased 
prevent the drum from slipping during” 
this shift. The actual freewheel load wa 
then recorded in the final runs, i 


Conclusions 
& 


The successful use of electronic te 
cording equipment in measuring ‘a 
the instrument engineer and the te 
engineer, blended into a working team, 
Failure to observe this point will regu” 
in yards of useless recordings. 

It is strongly recommended that ex. 
ploratory runs be made, when testing 4 
new device, to make sure the traces dp 
not overlap and that suitable scale 
have been selected. Likewise, unexpected 
transient peaks may occur which can be 
of great interest to the analytical group 
in any organization. Thus, the explora. 
tory run can reveal desirable additions 
for the ensuing test procedures which 
greatly enhance the value of the records, 

Much useful information can be ob 
tained by only a qualitative study of 
the recordings, in which case, extreme 
care is not required in calibrating the 
instruments, since only relative values 
are required. However, if quantitative 
results are needed, say for the deter 
mination of efficiencies or small losses, 
then accurate, absolute calibrations of 
the recording instruments are required. 
Through the use of instrumentation we 
are constantly opening new lines of ap 
proach in the solution of old problems. 


APPENDIX A 
SYMBOLS USED ON FIGURES 


A = Acceleration ft/sec* 

B. = Forward band pressure psi 

B. =  Lockup or center band pressure 
psi 

B; = Auxiliary band pressure psi 

B. = Reverse Servo applying pre 
sure psi 

Cc Multiple disc clutch pressure 
psi 

C: = Direct drive clutch pressure pi 

C; = Auxiliary clutch pressure psi 

D = Distance 10’ intervals 

E = Engine speed rpm 

G <= Band reaction anchor load lbs 

S = Car speed mph 

T = Output torque in ft-lbs 

t = Direction of increasing signal 
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C. W. McKnight 


Abstract. This paper demonstrates the 
cation of feedback control techniques 

to the analysis of a high speed plate type 
of heat exchanger and control system. The 
tation includes frequency response 
curves derived from data obtained while 
on stream. The effects of dead time and 
other conditions imposed by the system 
configuration are considered in the analysis. 
Predicted performance of several modifica- 
tions to the system are shown for compara- 


tive purposes. 


rocEss control, like most other 

fields of endeavor, is being bene- 

by continuous technical advance- 
ment. Usually, these advancements 
come about in a series of small steps 
rather than as a single dramatic ad- 
vance. Many of the developments are 
the result of laboratory or research in- 
vestigations which are subsequently 
proved by field tests on existing pro- 
cess installations. 

Many in the process field, while hav- 
ing been shown evidence from labora- 
tory tests using modern analysis tech- 
niques, have been properly skeptical 
of the possibilities of making such 
tests on a production size operating 
system. Thus, in our step by step study 
of the techniques available for the 
study of system performance, it would 
seem logical to attempt the analysis 
of such a process. 

This paper shows the practicability 
of field use of servo techniques by their 
application to a typical problem of 
Feedback Control on an operating pro- 
cess. The process selected consisted of 
a high speed heat exchanger and as- 
sociated system typical of those used 
in the food industry. The discussion 
covers the process, the safety pre- 
cautions which were taken, the equip- 
ment required, the test precedure, an 
analysis of the data obtained, and the 
conclusions which can be drawn. A de- 
tailed mathematical analysis is pre- 
sented in Appendix A of the paper. 


Description of the System 

A schematic diagram of the heat ex- 
changer and associated system is 
shown in Fig. 1. 
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Dynamic Analysis 
of Plate Heat 
Exchange System 


By G. W. McKNIGHT* and C. W. WORLEY* 
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Fig. 1. Brine Cooling System 


It is used for cooling a liquid prod- 
uct from 68°F to 36°F with brine as 
the cooling medium. The temperature 
of the cooling medium is controlled by 
a pneumatic 3-way mixing valve which 
mixes cold brine from the brine stor- 
age tank with the warmer brine re- 
turning from the heat exchanger. The 
control valve receives a signal from a 
pneumatic industrial controller. A re- 
sistance thermometer bulb located in 
the product output line of the heat ex- 
changer serves as the primary measur- 
ing element. The recorder is a null- 
balance electronic instrument. Brine 
pumps are located at the output of the 
3-way mixing valve and in the brine 
condenser lines. The two check valves 
shown are used to maintain correct 
line pressures in the brine return line 


BRINE 
IN 











Ju“. 


Fig. 2. 








Section View of Plate 






C. W. Worley 


and the brine supply line. The controll- 
er is located about 250 ft. from the 
control valve and about 100 ft. from 
the heat exchanger. Distance between 
the control valve and the heat ex- 
changer is approximately 150 ft. 

The brine cooling section tested is 
part of a multi-section type HM Plate 
Heat Exchanger. The plate arrange- 
ment and flow paths of product and 
cooling medium are shown in Fig. 2. 

It consists essentially of a bank of 
thin, rectangular, stainless steel plates 
held together by means of a screw 
clamping device. Each plate is sealed 
off from the adjoining ones by a rub- 
ber gasket around its outer edge. Thus, 
each plate is separated from its neigh- 
bor so that liquid can flow through the 
cavity formed while being prevented 
from leaking to adjoining cavities by 
the outer rubber seal. 

The surface of the plates is broken 
up, either by corrugations, troughs, or 
by a number of spherical indentions 
or dimples. In this way, a high degree 
of turbulence of the product is created 
which decreases the skin effect along 
the plates and thereby increases the 
efficiency of heat transfer. 

The liquids being heated or cooled 
in the plate heat exchanger may flow 
through any number of cavities 

(Continued on Nert Page) 
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Fig. 3. Schematic Diagram of Pneumatic 
Sine Wave Generator 


formed by the plates, simultaneously, 
according to the demands of the partic- 
ular duty. In this particular heat ex- 
changer the product flows downward 
through a group of seven (7) cavities, 
reverses direction and flows upward 
through another group of seven (7) 
cavities, again reverses direction and 
flows downward through a third bank 
of seven(7) cavities to the outlet at the 
bottom of the exchanger. The cooling 
medium enters at the top, flows down- 
ward through alternate cavities and 
out at the bottom. Thus, the product 
makes three passes through the ex- 
changer, which is referred to as a 
three-pass heat exchanger. 


Planning the Test 

The selection of a test procedure 
will be dependent upon the informa- 
tion to be gained from the test. A 
study of the process diagram indicates 
that the most valuable information to 
be obtained from these tests will be 
the dynamic characteristics of the heat 
exchanger and of the complete system 
including the piping and associated 
components. 

By judicious selection of the meas- 
uring points, the system can be broken 
into blocks which can then be treated 
as series components. The character- 
istics obtained will depend upon the 
type of input or disturbance to which 
the system is subjected. In these tests, 
the most convenient point for forcing 
the system is at the control valve. 
(Point A, Fig. 1) The measuring 
points selected are shown as point B 
and point C of the same figure. The 
temperature measured at point B will 
show the characteristics of the brine 
system, while the temperature at point 
C will yield the combined brine system 
and brine cooling section character- 
istics. If the control valve is subjected 
to a step change, we obtain the trans- 
ient characteristics and the steady state 
gain. If the input signal varies as a 
sinusoid, at varying frequencies, we 
obtain the frequency response charac- 
teristics of the system. 


Selection of Safety Devices 

Since these tests were made while 
the system was on stream, there was 
some danger of freezing the product 
in the exchanger if the temperature 
were permitted to drop too far. A 
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Fig. 4. Frequency Response Test Set-Up 


pneumatic switching relay was de- 
signed into the test system to prevent 
this occurance. The relay was set so 
that, if the control valve input ap- 
proached a value which would permit 
freezing, control of the system would 
be returned to the automatic controll- 
er. When the temperature returned to 
a safe value, the switch would return 
to the test position allowing the tests 
to be resumed. 


Test Equipment 

The equipment required for the test 
is dependent on the data to be obtained. 
For purposes of this test, the data in- 
cluded: (1: the system transient re- 
sponse to a step input, (2) chart re- 
cords of the frequency variant input, 
and (3) chart records of the resulting 
temperature changes. Thus, test equip- 
ment must consist of: (1) sensing ele- 
ments, (2) high speed recorders, and 
(3) a pneumatic signal generator. 
Since the input signal is a pneumatic 
pressure, strain gauge pressure cells 
were selected as input sensing elements. 
Resistance thermometers were used to 
measure temperatures. The -ecorder 
was a conventional two pe strip 
chart type modified to give wne-haif 
second full scale pen travel. Gne pen 
was used with a 30°F span resistance 
thermometer circuit with a special sup- 
pression changing circuit, while the 
second pez had a 0-5 millivolt span. A 
special strain gauge bridge circuit was 
used to provide variable span and sup- 
p”ession for the pressure pick-up. 

The signal generator used for these 
tests produces an accurate pneumatic, 
electric, or motion sine wave signal 
over a frequency range of 0.03 to 720 
cycles per minute’. The pneumatic sine 
wave generator is a closed loop device 
which produces a test signal of very 
low distortion over a wide range of 
amplitude (0.05 to 7 psi) and mean 
pressure levels (1 to 19 psi). 

Fig. 3 shows a block diagrain of the 
generator. It consists essentially of a 
speed control circuit and a high speed 
pneumatic transmitter. The test fre- 
quency, determined by the potenti- 
ometer setting, is maintained by a 
tachometer feedback servo which in 
turn causes a scotch yoke to modulate 
the pneumatic transmitter to yield a 
pneumatic sine wave. Amplitude and 
level adjustments of the sine wave can 
be made from the front panel of the 
drive unit. 


Test Equipment Arrangement ds 

The equipment used to perform 
test was arranged as shown in Fig, 7 
Examination of previous operating m 
cords, showing the cycling period, in. 
dicated that our test frequency gpg 
trum should range from 0.1 to 3 
per minute. The safe peak to peak 
value of the input signal was esti 
to be 1.5 psi. It is helpful to make g 
rough plot of the data as the test jg 
being made to insure that the data js 
consistant and the spectrum adequate 
Analysis of Test Data 

Because of the distance between ths 
control valve and the heat exchanger, 
some thirty seconds dead time was 
found to be present in the response of 
the system. The approximate dead time 
can be measured directly from the 
transient response curves. By forgj 
the control valve with a step input and 
recording the brine temperature, the 
transient response and steady state 
gain of the system are obtained. 
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Fig. 5. Brine System Transient Response 
for Step Input to Control Valve 


Fig. 5 shows the response of th 
brine temperature resulting from 4 
27.5 per cent (3.3 lb.) change in valve 
pressure. 

By forcing the control valve witha 
pressure sine wave of known frequency 
as shown in Fig. 6a, a brine tempera- 
ture signal (also a sine wave) with 
the same frequency will result 
shown in Fig. 6b. The temperature 
signal will be displaced in phase and 
will be attenuated with respect to the 
input pressure signal. The amplitude 


ratio (the ratio of the output to the” 
input) is obtained by taking the ratio” 
of A./A, and has the dimensions of de 
grees fahrenheit per pound change it | 


air pressure. Because we wish the sy® 
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Fig. 6. Schematic of Test Data 
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tem frequency response plot to have a 
of unity at zero frequency, the 
amplitude ratio or gain is divided by 
the steady state gain previously ob- 
tained from our transient test. This 
‘elds the gain of the system at one 
particular frequency. To simplify later 
frequency curve manipulations, this 
in is converted to decibels. 

One decibel = 20 logw (gain) (1) 

Since phase shift is defined as de- 

displacement between corre- 
sponding points on the output and in- 
put waves, the problem becomes one of 
locating corresponding points on the 
two waves. Due to the presence of 
dead time, the total phase shift is com- 

of the actual phase shift plus 
the phase shift due to the dead time. 
Knowing the chart speed of the re- 
corder, a time scale can be established 
on the chart. By laying out the ap- 
proximate dead time on the chart, 
prominent corresponding points, such 
as maximum amplitudes on the two 
waves, can be roughly located. The 
exact distance represents the total 
phase shift at the particular frequency. 
Using the expression 

Dead time in degrees = 360 Lf (2) 
where 

L = Dead time in minutes 

f = Frequency in cycles per minute 
the amount of dead time in degrees 
can be obtained. Reference is made to 
Fi; 6b for clarification. The actual 
phase shift due to the capacity lags 
for this frequency is then the differ- 
ence between the total phase shift and 
the dead time in degrees. 

By subjecting the control valve to 
sinussidal inputs for the frequency 
range of 0.05 to 3.0 cycles per minute, 
corresponding gains in decibels and 
phase shifts in degrees for each par- 
ticular frequency are obtained. The 
test data has been tabulated and is 
presented in Appendix A. The gain 
and phase shift are plotted as a func- 
tion of frequency on semi-log paper 
with gain and phase shift as the ordi- 
nates and frequency as the abscissa. 
The resulting curve is the frequency 
Tesponse curve of the system and is 
commonly referred to as the Bode dia- 
gram. 


Heat Exchanger Frequency 
Response Determination 

The Bode diagram for the complete 
system shown in Fig. 7 is the open loop 
tesponse of the complete system. The 
system is composed of the closed loop 
brine system in series with the brine 
cooling section of the plate type heat 

r. 

Inspection of the high frequency 
portion of the frequency response 
curve reveals that the slope ap- 
Proaches 18 decibels per octave (an 
otave is any doubling of frequency), 
am indication that the system can be 
tepresented by a third order differen- 
tral equation (three energy storage 
tapacities). The level portion of the 
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Fig. 7. Frequency Response of Brine System in Series With Brine Cooling Section 
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Fig. 8. Frequency Response of Brine System 


curve, at a frequency of 0.4 cycles per 
minute, indicates that there is some 
type of lead network present. 

The Bode diagram of the brine sys- 
tem shown in Fig. 8 is the closed loop 
frequency response of the brine sys- 
tem. This curve can be broken into two 
lagging terms and one leading term, 
which will be of importance in the de- 
tailed analysis of the brine system to 
be discussed later in the paper. Lead 
terms appear as time constants in the 
numerator of the transfer function, 
while the lagging terms appear in the 
denoniinator. 

Since the two systems are in series, 
the frequency response of the exchang- 
er can be determined by division of the 


gain of the complete system frequency 
characteristics by the gain of the brine 
system frequency characteristics. How- 
ever, since gain has been plotted in 
decibels, this operation becomes a sim- 
ple subtraction of the two curves at 
corresponding frequencies. Phase 
shifts are also subtracted in a similar 
manner. Fig. 9 shows the resulting 
Bode diagram of the brine cooling 
section of the plate heat exchanger. 

By matching the test curves with 
standard transfer function plots, it 
was found that the frequency response 
curve of the brine cooler can be repre- 
sented by a second order transfer func- 
tion as follows: 
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114.5 
KG(s) = — —- (8) 
s’ + 18.98 + 114.5 





where (s) is the complex operator 
d 


(-—) . 
dt 


Equation (3) indicates that the 
brine cooler section of the plate heat 
exchanger has a natural frequency 
«, = 10.8 radians per minute and a 
damping factor = 0.645. Single pass 
heat exchangers of this type have been 
found to have a single lag; therefore, 
the two lags are due to the multiple 
pass configuration. The interaction be- 
tween these two lags, caused by the 
concurrent and counter-current flow of 
the product through the exchanger, 
gives the damping factor and natural 
frequency. 

The transfer function of Equation 
(3) and the frequency response curve 
shown in Fig. 9 can be used in any 
system study of which this cooler sec- 
tion is a part, provided conditions of 
brine and product are similar. The 
frequency response curves of other 
components of such a system are com- 
bined to give an open loop frequency 
response curve of the system. From 
this study, controller settings and 
other system characteristics can be 
obtained. 


Brine System Analysis 


A detailed analysis of the brine sys- 
tem produces some interesting results. 
The frequency response curve shown 
in Fig. 8 can be represented by the 
following transfer function: 


(4) 
1.1388 + 1 





(2.278 + 1) (0.1188 + 1) 


In order to establish the identity of 
the two lags and the lead expression 
in this transfer function, a heat bal- 
ance equation about the three-way 
mixing valve will be written. 

To simplify the explanation, a new 
block diagram with assumed transfer 
functions is shown in Fig. 10. The 
following notations are used: 


T, = temperature of warm brine in 
degrees F. 

q: = flow of warm brine in gal/min. 

T, = temperature of cold brine in 
degrees F. 

q: = flow of cold brine in gal/min. 

T; = temperature of brine at output 
of valve in degrees F. 

6: = air pressure input in psi. 

G: = G; = dead time from valve to 
exchanger and vice versa. 

KG = transfer function of brine 


passage through exchanger. 
rT. = valve time constant in minutes. 
rT, = time constant of brine section 
in minutes. 
K, = valve gain in gal/min per psi. 
K = gain of brine section in deg 
F/gal per min. 
O. = brine temperature at entrance 
to exchanger in deg. F. 


A’s = small change in value. 
The heat balance equation of the three- 
way mixing valve becomes: 


qT; T q:T: = Ts (q: + qs) (5) 


For a change in return brine flow 
(Aq) 


(q: a Aq)T; — (a: —_ Aq)T: = 
(T; oa A:T) (q: + q:) (6) 


FREQUENCY IN CYCLES PER MINUTE 





Fig. 9. Frequency Response of Brine Cooling Section of Plate Heat Exchanger 
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Fig. 10. Block diagram of Brine System 
since the flow through the three-way 


valve is constant. For a change in ry. 
turn brine temperature (AT7’) 


(q: + Aq) (T; -f AT:) — T:(qs aul 
Aq) = (Ts + AiTs + AcT:) (q: + q) 
(7) 


Expanding this expression 
qT: + q: AT: + AQT; + 
AqAT;: a Tq: — 
T.Aq = T sq: + Tsq: + AT sq: aa 
AT se (8) 
if 
AT; — ALT; + AsTs 
But by Eq. (5) 
qT: a q:T: = T:(q@: + a) (9) 
Combining Eq. (5) with Eq. (8) 


q:AT;, + AqT: — 
T.Aq = AT: (q: + qs) (10) 


if we consider 


Aq<<q; and 





AQAT << 

qAT,, AqT,, 

AqT: 

Let 
AT, 

= KGG.G. (11) 

AT; 

Aq(T; —_ T:) = ATs (qq: + qs) — 

qi AT:KGG.G; (12) 

AT; (T; — Ts) 


-—s—— (18) 


Aq (qi: + Qe) — q:KGGiG: 

















then 
AGO. 
imate se G; (14) 
AT; 
and 
Aq K, 
(3) = (15) 
AM, Tres + 1 
A®o K, 
(8) -| “ 
AG Tr8 + 1 





G:(T:— T:) | 
(q: + qe) — @.KGG.G, 


(16) 
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By definition 
Gils) = G(s) = «* 
(17) 
Where 
a — dead time in minutes. 


From previous tests, the effect of the 
exchanger on the brine can be repre- 


sented as 














K 
KG(s) —-—----- (18) 
rs+1 
Then 
AG K, 
—= (gs) —| -——— 
AO res+] 
(T; = T:) fg 
(q: + a) — Ka. 
T,8 + 1 
(19) 
Re-arranging 
AMG 
— (s) = 
AA, 
K.(T: — T7:) (78 + I1)e* 
(roe + 1) (7:8 + 1) (q: + qe) — 
(ree + 1) Kque**’ 
(20) 


By performing a root locus study 
(*) (*) () of the characteristics 
equation (Appendix II) it was found 
that the dead time and the first order 
lag of the brine portion of the cooler 
could be represented by a first order 
lag. Equation (20) is now equal to 


AO 
— (3) =| x. | 
AS, 
1.13 32 + 1 
(2.27 s + 1) (0.113 8 + 1) | 


K, = 0.454 





(21) 


The constant K, was determined ex- 
perimentally. This is equivalent to the 
expression obtained from the test 
curve (Equation 3). 

One of the original assumptions 
made was that the brine pump shown 
in Fig. 1 and Fig. 4 would have neg- 
ligible effect (phase wise) upon the 
frequency characteristics of the sys- 
tem. Any gain effects due to this pump 
have been lumped into the over-all 
gain of the system which has been 
determined experimentally. Results of 
the tests and the above study seem to 
Prove that the pump effects are neg- 
ligible within the frequency band of 
interest in this study. 

An interesting point concerning this 

he system can be shown by exami- 
nation of the feedback portion of the 
equation. If the signal being fed back 
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Fig. 11. Phase Locus Plot of Brine System 
Characteristic Equation 





vere sufficiently attenuated, the ex- 
pression 
q kK wr 
qi + qd: T3838 + ] 
(22) 


in Equation (19) would approach 
zero. Equation (19) would then be- 
come 


Qo K, (T-—T:) "a 

of aa ee 

Bi - Qi + Qe rs + 1 
(23) 


Thus, by attenuating the regenative 
feedback signal (with a tank or reser- 
voir of sufficient capacity) the system 
becomes essentially first order with re- 
sponse flat to 1.5 cycles per minute. 
The time constant of the valve is the 
remaining one in Equation (23). This 
change in the system will permit bet- 
ter control and a more uniform output. 


Prediction of performance of several 
suggested modifications to the system 
are shown in Fig. 12. 

The two solid curves show the closed 
loop transient response of the complete 
system for a step input with a con- 
troller proportional band setting of 10 
per cent. The two curves show clearly 
the results of inserting a tank in the 
return brine line of the brine system. 
A continuous cycling response has been 
reduced to almost quarter amplitude 
recovery by use of the tank. The curve 
shown as a dotted line shows the effect 
of increasing the proportional band 
without altering the original system. 


4 


PERCENT OF SCALE 


© 


. 1 4™ 





.N FULL SCALE = 

Fig. 12. Caleulated Closed Loop Transient 
Response of Complete System For a Step 
Input 


In this system, as in many which 
will be encountered, some of the solu- 
tions which would provide optimum 
performance involve expensive and 
time consuming changes. The question 
as to whether or not this expense is 
justified can be answered only if some 
estimate of the improvement to be 
gained can be made. In this paper, for 
example, the dead time and the in- 
ternal positive feedback loop can be 
seen intuitively, although the magni- 
tude of their effect is less obvious. 
Thus, the intelligent use of these tech- 
niques can be helpful in the process 
design and layout phase as well as on 
later trouble-shooting problems. 
Conclusions 

The conclusions which can be drawn 
from this paper can best be covered 
by dividing them into two categories. 
The results of the tests on the specific 
equipment tested will be of interest to 
those who encounter similar equip- 
ment. Of greater interest at this time, 
however, are the general observations 
regarding the techniques themselves, 
which can be made as a result of hav- 
ing run these tests. For convenience 
the conclusions are listed below under 
the headings, Specific Process Con- 
clusions, and General Conclusions. 

1. Specific Process Conclusions 

The exchanger tested is a relatively 
high speed heat exchanger displaying 
second order characteristics, with a 
natural frequency of 1.72 cycles per 
minute and a damping ratio equal to 
0.645. 

The use of return brine as part of 
the cooling medium provides a positive 
feedback loop in the brine system it- 
self. This tends to make the system 
less stable. The difficulty can be over- 
come by attenuating the feedback sys- 
tem (as with a tank) or by reducing 
the gain of the control system. 

The control of the system is further 
complicated by the 30 seconds dead 
time which exists, owing to the loca- 
tion of process components. As is the 
case in many processes, these locations 
are dictated by factors other than the 
desire for optimum control, and a com- 
promise location must be used. 

2. General Conclusions 

This test proves, as have others’, 
that it is possible to obtain useful data 
on a _ production process while on 
stream by use of frequency response 
techniques without seriously disturb- 
ing the plant operation. Cooperation 
between the process engineers and test 
engineers during the planning stage 
can materially reduce the time re- 
quired for taking the data. It is essen- 
tial that safety devices be given the 
proper attention lest the disturbances 
cause process upsets sufficient to af- 
fect product quality. 

The root locus method provides an 
effective means for approximating the 
otherwise complicated factor of dead 
time. It provides a graphic representa- 
tion of the roots of the equation which 
permits the user to determine the ef- 
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fect of each component in the system 
and the value of any proposed com- 
pensating elements. Based upon the 
experience of the authors with this 
method, it appears to be one of the 
more effective analytic tools for the 
Controi Engineer in synthesizing a 
system. 

Systems having positive feedback 
loops, like those having dead time, tend 
toward instability and cannot always 
be avoided. These tests have led the 
authors to believe that the problem of 
positive feedback is of more than aca- 
demic interest and should be consid- 
ered in process design. 

As data on components . becomes 
more available, the use of these meth- 
ods in the process design stage of plant 
construction will become as import- 
ant, if not more important, than their 
use in trouble-shooting. As the meth- 
ods of prediction are improved, new 
process fields will be opened in areas 
heretofore considered economic risks 
because of unwillingness to predict 
performance in the absence of large 
safety factors. 


APPENDIX A 


The root-locus method is a method 
which furnishes a clear, concise study 
of the roots of the characteristic equa- 
tion of the system.’ The essential point 
of this method is to plot the roots of 
the characteristic equation of a feed- 
back control system on a complex plane 
with the gain of the system as the pa- 
rameter. Thus, it gives a picture plot 
of the roots versus their corresponding 
values of gain. 

It is well known that the chacter- 
istic equation of a feedback control 
system having negative feedback can 
be represented by: 

G (s) = —! (24) 
This equation is complex and may be 
split into two equations by equating 
the magnitude and phase-angle on both 
sides respectively. Thus, we have the 
magnitude equatior ; 


G(s) = 1 (25) 


and the phase-angie equation; 


Ang G (s) = +180° (for the principle 
plane) 
(26) 


For a positive feedback system the 
phase-angle equation becomes: 


Ang G (8s) = n360° (n = 0, 1, 2, ete.) 
(27) 


The plot of the phase-angle equation 
is called the root-locus (of the charac- 
teristic equation), while the magnitude 
equation gives the gain of each point 
of the locus. The phase-angle equation 
means that the root-locus is a curve 
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on which every point has a phase-angle 
of +180° or +360° devending upon the 
type of feedback. The root-locus is 
then the plot of all possible roots of 
the characteristic equation. 

The concept may be generalized by 
considering loci with other values of 
phase-angles; that is it may be written 
as: 

Ang G (s) = (28) 
where ¢ is a constant angle. Thus, a 
family of loci can be plotted for vari- 
ous values of ¢. These families may be 
conveniently broken up into basic geo- 
metrical configurations* to facilitate 
the plotting of the phase-angle loci 
for various basic transfer functions. 
These are called basic because of their 
simple geometric forms. The first 
basic form is for the transfer func- 
tion of the form; 


=7 


G (s) = (8 + 8:) (29) 
where either positive or negative sign 
is taken and s, can be zero, real, or a 
complex number. It is a transfer func- 
tion of one pole (for negative power) 
or one zero (for positive power) at 
any place in the s-plane. This phase- 
angle loci is a family of straight lines 
intersecting at a point. This can be 
shown as follows: 


+ 


Ang (8s + 8:) (30) 


By substituting s = o + jw and s; = 
o: + jw:, into this equation the result 
is; 
w ote @1 
g a o1 


= tan (+¢) 


(31) 


This is a strainght line for each value 
of @ passing through the point (cw) 
and with a slope of tan (+¢) on the 
s-plane. 

The seccnd basic form is for the 
transfer function of the form; 


8 + 1 


G (s) = ———_ 
8 + os 


(32) 


where o; and o2 are real numbers. It 
is a transfer function of one pole and 
one zero on the real axis of the s- 
plane. It can be shown by analytic 
derivation that each phase-angle locus 
is a circle with its center at 

(—o: + on, rT cos $) 


2 
where the radius r is; 


CO: -—— G1 
ar (33) 
2 Sin @ 





The transfer function of the dead, 
time can be plotted on the s-plang 


using the relation‘ 


—wTr = ¢ 


(34) 


which are a family of straight lines 
parallel to the real axis of the s-plang 
The resulting phase loci for egg 
transfer function are then added 
give the root locus of the system, 
This method is now applied to , 


study of the brine system. 


fer function of the brine 


The trang. 
system has 


been obtained by writing a heat bal. 
ance equation around the mixing valy 


A® 


oO 


(s) = K. (T; —T’) 





Ae, 
(r:8 + I1)e* 





(res + 1) (78 +, 1) (q + %) — 


(res + 1) Kqi € 


Setting the 
equal to zero; 


characteristic 


(35) 
equation 


(ros + 1) (78 + 1) (a, + 4) — 


(ros + 1)Kqi ** = 


Then 


(36) 


(res + 1) 





= I: 
G: + Gh (re + 1) (78 + 1) 3)_ 


Assume 
Ka: 
K.= 
qi + Qs 
Tes + 1 
G: a 
Tes + 1 
G: == ea 
1 
G; = ———- 
T:8 -f- 1 


(37) 


G; takes the first basic form and G 
the second basic form. It can be seen 
that for this particular case, the radius 
of the plot of G, is equal to zero. This 


phase locus plot is then 


a point at 


1 
(—, 0) on the s-plane. Therefore, one 


Te 


of the roots of this equation will be 
1 


— regardless of the system gain. 


Te 

The resulting phase loci for each 
transfer function have been added # 
give the root-locus shown in Fig. 11 


Evaluation of the gain 


K, «te 


T1 1 


. 
a ~~“ ht heat OS .o of OF 





ae 


5) 


6) 


= & RREESS 


st 


sere = 





} 








T1 (s ae 71) 
Ke sa -fae 
€ 
For the root s = —0.44 
(.44) 
K, — 1.18 ——————- = 0.82 
é + 0-44 
(39) 
Assume 
q: 
Kk; = ———_——— 
qi + Qs 
at steady state and from valve data 
q: = 0.34 
a: —_ 0.66 
34 
K; = ——————- = 0.34 
24 + .66 
kK. — K K; 
K, = 82 
K, 32 
K=—= = 0.94 = gain of Brine 
K; 34 Section of 


heat exchang- 
er. 


The equation of the brine system is 
then 
8, 
—(s) = 
e 
1.188 + 1 





(2.278 + 1) (0.1188 + 1) 
which is the same as Eq. 21 which was 
developed from the test data. 
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APPENDIX B 

TABLES OF TEST DATA 
TABLE I—TEST RESULTS FOR BRINE SYSTEM 
STEADY STATE GAIN = 2.2 



































CAPACITY 
shee. ale ee PHASE SHIFT|PHASE SHIFT — 

_ Degrees) (Degrees) (Degrees) 
0.1 - 3.18 - 41 - 19 -22 
0.3 - 5.84 + 86 - 58 -28 
0.4 - 6.44 -104 - 78 -26 
0.5 - 6.36 -137 - 97 -40 
0.6 - 6.20 ~144 -117 -27 
0.7 - 6.10 -170 -136 -34 
0.8 - 6.24 -193 -156 -37 
0.9 - 6.74 -213 -175 -38 
1.0 - 7.22 -236 -195 -41 
1.5 -10.0 -333 -293 -40 
2.0 -11.5 -436 -390 -46 
3.0 -15.2 -650 -585 -65 








TABLE II—TEST RESULTS FOR BRINE SYSTEM PLUS 
BRINE COOLING SECTION 
STEADY STATE GAIN = 2.75 





























CAPACITY 
FREQUENCY | GAIN | lpHASe SHIFT |PHASE SHIFT pyr, cd Sarpy 

? ( Degrees) ( Degrees) (Degrees) 
0.1 - 3.60 - 53 - 30 - 23 
0.3 - 6.02 -105 - 60 - 45 
0.4 - 6.22 -121 - 80 - 41 
0.5 - 6.22 -142 -100 - 42 
0.6 - 5.60 -177 -120 - 57 
0.7 - 6.00 -194 . -140 - 54 
0.8 ~ 6.46 -228 .-160 - 68 
0.9 - 7.20 -250 -180 - 70 
1.0 - 7.38 -281 -200 - 81 
1.5 -12.5 -392 -300 - 92 
2.0 -16.6 -530 -400 -130 
3.0 -26.7 -794 -600 -194 








TABLE III—DETERMINATION OF BRINE COOLING SECTION 
FREQUENCY CHARACTERISTICS 



































BRINE COMPLETE onoraae 
FRE- SYSTEM PROCESS 
ee | PHASE PHASE See RAGE 
= ChB) | SHIFT |CAEY| SHIFT ChB) | SHIFT 
__j *"~* | (Degrees) |“ * | (Degrees) (Degrees) 
0.1 - 3.18 -21 - 3.60 - 23 -042} - 2 
0.3 - 5.84 -28 - 6.02 - 45 -0.16) -17 
0.4 - 6.44 -26 - 6.22 -41 |+o22] -415 
05  |- 6.36 -40 - 6.22 -2 wen % 
06 \\- 6.20 27 - 5.60 -57 |4+060] -30 
0.7 - 6.10 -34 - 6.00 -54 |4010] ~-20 
0.8 - 6.24 -37 - 6.46 - 68 -022| -31 
0.9 - 6.74 -38 - 7.20 - 70 -046) - 82 
1.0 - 22 -41 - 7.38 - 81 -0.16| -40 
1.5 -10.0 -40 -12.5 - 92 - 25 - 52 
2.0 “11.5 -46 -16.6 -130 . - 84 
3.0 -15.2 -65 26.7 -194 11.5 -129 
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Abstract: This paper describes a newly 
designed and constructed three compon- 
ent portable vibration meter for the pur- 
pose of registering and recording vibra- 
tions from quarry blasts, heavy indus- 
trial machinery, traffic and/or other arti- 
ficial sources. 


HIS unit is a mechanical-optical 

seismograph. The instrument is 
completely self-contained in a case 2412 
inches long, 10 inches wide, and 8 
inches deep, weighing approximately 
34 pounds. The case contains five sep- 
arate, but coupled units: (1) a mechan- 
ical pendulum system which responds 
to the component of the motion being 
measured in each of three mutually 
perpendicular directions, (2) an indi- 
eating or recording system which is 
actuated by the response of the me- 
chanical system, (3) a drive which 
moves the recording surface at a con- 
stant speed, (4) a timing mechanism 
which places timing marks on the rec- 
ord at intervals 1/50 of a second, and 
(5) the optical system. 


Pendulum System 


The pendulum system is contained 
in a steel rectangular frame approxi- 
mately 6 inches on a side. It consists 
of two inverted pendulums which re- 
spond to the horizontal components of 
the vibrations and a horizontal pendu- 
lum which is suspended by flat springs 
with a supplemental! stabilizing helical 
coiled spring for observing the vertical 
component of the vibrations. The in- 
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A Three-Component Vibration Meter 
By Dr. Florence Robertson*!, Rudolph Hautly*? and Major Santo Italia, USAF*% A 
ertia elements are cylindrical masses of ial vibrator which modulates a gas 
brass weighing about 350 to 400 grams. tube. A line of light is focused through 
Each mass has a copper-vane attached a cylindrical lens onto another sig 
which swings between the poles of two above the regular recording aperture 
U-shaped Alnico magnets for damping. onto the photographic record paper, 
Also attached to each mass is 2 boom Thus, the timing marks are recorded 
which extends forward and is coupled about 0.08 second before the motion ( 
into the recording mirror system. of the pendulums. C 
The horizontal component mirror The timing marks are photo-regis strut 
systems consist of a vertical spindle tered the full width of the paper. unec 
on jewelled bearings. To the spindle is The recording drum is a daylight. in m 
fixed a pulley that is coupled to the loading cylindrical cartridge which can Fo 
booms by means of a nylon thread. be inserted into the instrument from are ¢ 
The mirrors are fixed to the spindle in the side. This allows a great deal of of 8 
an identical plane above the pulley flexibility on the amount of reconis Dead 
drive. desired, since the limitations are only and | 
The vertical component mirror sys- the number of previously filled cme sre 
tem consists of an inclined fixed mir- 4ges one has on hand. The drum is cond 
ror and a horizontal movable mirror rotated above a spindle attached tos use 
with an attached pulley similar to that spring-drive motor. The motor spam ard | 
of the horizontal components. Since the stabilized by & governer. = neil to m 
inertia mass movement is in the ver- The recording paper is 2% ine <7 quir 
tical direction, the movable mirror is width and rotates at an approximate [ 
rotated about a horizontal exis, thus, speed of 12.70 — ver Se ma 
reflecting the light back to’ the in- : The magnification curves for the ver pd 
elined fixed mirror and, thence, to the tical component shows a rather flat 1. " 
recording drum. response for damping values of .6 to 8 $21 
. . of the critical value for a frequency 
The light source is a battery oper- range of 2.5 cps to 100 cps. Dynamic TI 
ated filanient which travels through a tests on a vertical shaking table con _ 
condensing lens to the mirror system. fms this in the frequency range of 25 pa 
The we reflect the light through eps and 40 cps. The vertical compon- pum 
a polarizing lens which obliterates all ent responds equally well to rectangt- with 
but the rata, ~td light with the long lar and triangular pulse functions. seril 
axis vertical. The light again passes 
through a condensing cylindrical lens Acknowledgements *Con 
which focuses a spot of light through My sincere thanks to Dr. Pierre A 
a slot in the recording drum onto the fonnell of Washington University for op 
photographic paper. his assistance in making the above dy- 
The timing unit, designed by Dr. namic response tests on his shaking 
Joseph A. Volk, is a modified commerc- table. 
TABLE OF CONSTANTS 
Static Free Equivalent F 
Magnification Period Pendulum Damping 
Lengths 
Vertical 328 6 secs. 10.10 em. 0.23 
Longitudinal 253 5 secs. 7.8 em. 0.24 
Transverse 282 6 secs. 9.3 em. 0.13 
Name___ SE Fe! ane PS Pas ge 
(Please Print Plainly) 
PITTSBURGH 33, PA. 
| a SE Pe ae 2 isewail 
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AND 


“| APNEUMATIC OR HYDRAULIC 
PRESSURE TESTING UNIT 


S282e288 


ONVENTIONAL: methods of test- 

ing and calibrating pressure in- 
struments and controls have proven 
uneconomical, tedious, and impractical 
in many plants. 


For example, cylinders of nitrogen 
are often used with the resulting need 
of stocking and replacing cylinders. 
Dead weight testers are untidy to use 
and in most cases do not have sufficient 
yolume capacity which necessitates 
refilling the unit under test. These 
conditions can be overcome by the 
use of a test unit make up of stand- 
ard equipment that is versatile enough 
to meet all pneumatic or hydraulic re- 
quirements. Such a unit may be eith- 
| er permanently installed in the in- 
strument shop or maintenance shop, or 
may be made up as a portable unit 
mounted on a cart, as shown in Figure 
1. The pump in this case is a Model 
§-216-C Sprague Booster Pump. 


The unit consists of a volume tank, 
sufficiently strong to withstand the 
maximum test pressure, to which is 
connected an air operated booster 
pump. The pump is suitable for use 
with either oil or water, but as de- 
scribed, is used with water. It in- 


*Consultant, Engineering Service Division, 
E. I. du Pont de Nemours & Company, Inc., 
Wilmington, Del. 
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Figure 2 
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OPERATION 


Conducted by H. F. RONDEAU, Associate Editor 


By R. L. HURLEY* 





Fig. 1 


corporates an automatically operated 
snap-acting air selector valve, and op- 
erates on the differential areas princi- 
ple where a large piston is air driven 
at relatively low pressure, driving a 
small piston which delivers low fluid 


3 4 5 6 7 
DISCHARGE VOLUME G.P.M. 
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R. L. HURLEY 


volume at high pressure. The dis- 
charge rate is dependent on the pres- 
sure differential between inlet air and 
discharged fluid, for example: as the 
discharge pressure increases the pump 
delivery decreases as illustrated in 
Figure 2. 


The discharge pressure can be ac- 
curately controlled by means of an air 
pressure regulator connected to an air 
supply. When the desired outlet pres- 
sure is reached, the pump will stall 
and operate just often enough there- 
after to maintain the test pressure. 


As a special precaution, an adjust- 
able restrictor should be installed in 
the discharge line of the pump in the 
event there is a sudden drop in pres- 
sure due to bursting of tank, lines, etc. 
The restrictor should be adjusted with 
the pump running under no load, re- 
stricting the flow until the pump starts 
to labor. If this is not done, the pump 
may be damaged by any sudden drop 
in pressure. 


Figure 3 shows a schematic drawing 
of a typical permanent installation for 
pneumatic or hydraulic testing of 
equipment or instruments. This unit 
may be installed under a standard 
work bench, leaving the work surface 
free for equipment under test and hand 
valves for controlling the test unit, or 
the entire unit may be put on wheels 
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for plant use. Gages for reading the 
test pressures may be mounted on the 
back wall or sub-panel. 


In hydraulic testing Valve “D” is 
opened to the equipment being tested, 
and Valves “B” and “C” are closed. 
The air pressure regulator is set to 
the required pressure which will of 
course depend on the pump ratio. For 
example, if the pump ratio is 60:1, 
then a test pressure of 600 psi would 
call for a setting of 10 psi on the air 
pressure regulator. The pump would 
then operate until a 600 psi hydraulic 


output pressure is reac t which 
time it will stall. When the pressure 
drops below 600 psi the pump will 
start and always automatically main- 
tain the set test pressure. 

For pneumatic testing, plant air is 
admitted to the volume chamber 
through Valve “E” and then shut off. 
The same procedure is followed as in 
hydraulic testing with the exception 
that Valve “C” is opened and Valve 
“D” closed. This allows water to enter 
the volume tank until the air is com- 
pressed to the output pressure of the 


pump. 





The portable unit in the photog 
(Figure 1) was used for hydrogs 
testing of equipment in field loca 
during the construction stages ot 4 
large plant. It is wheeled to the Ip 
cation and air and water conn 
made for the operation of the D 
The operating principle in this case ig 
identical with that previously @& 
scribed, except that there is no Volume 
tank installed for pneumatic Pressures, 
To expedite the test, the equipment t) 
be tested can be filled with water. 
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FALSTROM standard panel 
design is the result of years of 
experience in producing equip- 
ment for leading instrument 
makers and electronics manu- 
facturers. FALSTROM standard- 
ization includes a series of 
instrument mounting structures 
that solve a wide variety of mount- 
ing problems. Sizes, dimensions, 
construction methods and styles are 
designed to save you time and 
money. Recommendations will be 
submitted promptly on receipt 

_ of drawings or specifications. 
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Principles of 


AUTOMATIC CONTROL 


By G. F. AKINS * 


This is the third part and conclusion of the tet used in the popular Instrument Society 


of America film bearing the same name. 


The complete text is available in booklet form 


of 32 pages, 8% by 11” for $1.25. The film is available to companies and educational 
institutions throughout the United States and Canada for instructing employes and 
students in the basic fundamentals of automatic control. 


PART Ill 


APPLICATION OF A CONTROLLER TO 
A PROCESS 


While the design of the pneumatic controller at 
this point is still incomplete, it would be well to 
demonstrate its application to “easy” and “diffi- 
cult” processes as a preview of the field require- 
ments it must satisfy when completed. 


Returning to the demonstration panel, the con- 
troller with a throttling range of 6 per cent will 
now be placed in operation. Note that the control 
is very unstable and that the chart record is quite 
similar to performance of the “on-off” controller. 
As an experiment, let us transfer this controller to 
another process having a greater tank capacity. 
To represent such an application, a second tank 
will be added to the system, thereby doubling the 
capacity of the tank system. Without disturbing 
the instrument adjustments, the system will again 
be set in operation (Fig. 13). 

Following a limited number of “‘overshoots,” we 
will find the process reaching a condition of stable 
control. It becomes evident that the process 
characteristics, such as capacity, are governing 
factors in the proper adjustment of a controller. 


The double tank system shown on the panel is 
representative of a relatively easy process to con- 
trol since no time lags are present. A difficult 
process, such as the air heater control in Problem 
“X”, would require careful adjustment of the in- 
strument to attain stability. To demonstrate the 
principles involved, let us simulate such a process 
on the panel. 


Assume that the left hand tank represents the 
heat inflow or steam input to an air heating coil. 
We must now imagine that the flow of water from 
the tank represents the heat flowing through the 
Wall of the coil. By imposing a restriction to the 
flow of water from the tank we can simulate the 
resistance to the flow of heat through.the pipe 
wall, otherwise known as thermal lag. To provide 
“Instrumentation Engineer, Eastman Kodak Co., Rochester, N. Y. 

s Note: Grateful acknowledgement is made to John H. 


Kowalski for his fine cooperation in the construction of the demonstra- 
equipment shown throughout this text. 
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Fig. 13 


such restriction, a small hole has been drilled in 
the gate of the valve in the discharge pipe. As the 
valve is set in its closed position, the flow of water 
will be restricted to the small opening thereby pro- 
ducing the effect of time lag in the passage of heat 
from the steam side to the air side of the coil. The 
right hand tank represents the temperature level 
of the surrounding air and it is this level we wish 
to control. 

As the gate valve is closed thus introducing a 
time lag in the system, the level in the left hand 
tank will begin to rise since the restriction has 
temporarily throttled back on the flow from the 





tank. In terms of the steam coil operation, we 
can now visualize the continued inflow of steam 
to the coil, but due to thermal resistance, the heat 
is slowly delivered to the surrounding air. With 
continued addition of steam to the coil, the tem- 
perature level of the air rises sufficiently to cause 
the controller to fully shut off the output air and 
the controlling valve closes rapidly. Note that the 
level in the left hand tank is still abnormally high 
and because of the time lag, it recedes very slowly. 
The excess water in the tank corresponds to the 
stored heat in the walls of a heating coil when it 
has been supplied with an excessive amount of 
steam. As the air temperature gradually recedes, 
the controller will again come into action to supply 
15 psi air to the valve and cause it to reopen. The 
cycle will then repeat, since the valve tends to 
overshoot the desired flow rate necessary for stabi- 
lization of the process. The cyclic condition may 
continue indefinitely and at best may require a 
considerable length of time to dampen out. It 
wouid be concluded that the throttling range of 
the instrument must be increased to stabilize the 
system. 


Increasing the throttling range also increases 
the amount of offset experienced with a lcad 
change, so again the need for automatic load 
change compensation is forcefully brought to our 
attention. Before attempting the design of aux- 
iliary devices for such automatic compensation, 
let us investigate the operation of a proportional 
controller having 100 per cent throttling range 
when subjected to a load change. 


Making the necessary adjustments on the con- 
troller, the loading valves will now be set for a 50 
per cent load. Note that the output pressure 
settles out at 9 psi and the process reaches a condi- 
tion of stable control. With an output pressure 
of 9 psi, lever “T” (Fig. 12A) is in its midposition 
of travel since the movement of the bellows and 
spring mechanism is proportional over a range of 
3 to 15 psi output pressure. It should be empha- 
sized that whenever the pen is at the midpoint of 
the chart, the baffle will be at its midpoint of trav- 
el, the output will be at the midpoint of its range, 
consequently lever “T’” will be at its midpoint of 
travel thus causing the nozzle to be correctly posi- 
tioned in relation to the baffle. With a change in 
the position of the pen arm, all the foregoing parts 
will move in proportion to the magnitude of the 
change. 


The load on the process will now be changed to 
75 per cent. Please observe that the load change 
causes the float to drop, the pen arm to move up 
scale, and as the controller mechanism gradually 
reaches a new point of balance, the output pres- 
sure reaches 12 psi. The control valve now passes 
a flow equivalent to the 75 per cent load and the 
process is again in balance. Please note that lever 
“*T” has been advanced to the left and now occupies 
a — corresponding to 75 per cent of its total 
travel. 


Seeking to find a means by which the process 
could be returned to its original control point and 
still maintain balance under the 75 per cent load, 
we must first analyze the condition of the process. 
It is evident that the level in the tank is below the 
desired control point, and to restore the original 
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and original control point 
is restored. 


i 

a 

NOTE: In actual practice, valve “‘R’’ is partially ope sed to provide reset action at a rate consist with 
the stability of the process. ae 


SKETCH 14 


level, the valve must be further opened to admit 
an additional amount of water. To further open 
the valve requires an increase in output pressure 
We now find that by disturbing the nozzle baffle 
clearance the amplifying action of the relay will 
produce the desired increase in output. To cause 
such disturbance, bellows “X” will now be mant- 
ally compressed to return lever “T”’ to its original 
midposition. As this change is made, note that 
the output pressure immediately increases, the 
controlling valve opens, and the tank level rises 
its original position. The pen arm has now re 
turned to the desired control point. It is obvious 
that such manual manipulation of the bellows is 
but a temporary means to restore the control point, 
but the principle demonstrated in the repositioning 
of lever “T” prompts us to design a mechanism t0 
replace the manual operation with a fully automat 
ic device. 


Recalling that the repositioning of lever “T” 
required an external force applied to the bellows 
and spring unit in a direction to further oppose 
the action of the bellows, and that the load change 
experienced caused an increase in output from 9 
to 12 psi, we could conceive that an auxiliary 
lows, so placed to oppose bellows “X,” would 
supply the needed external force if the 3 ps 
change was utilized as the ~estoring power. 


fore installing the second bellows as an auxiliary 
to the spring, let us investigate the use of a bellows © 
to replace the spring entirely. This arrangement | 


may well prove as efficient in operation and would 


certainly simplify the mechanism within the com” 


troller. 


Referring to Fig. 14 we find that bellows “Y ~ 


has replaced the spring and serves to oppose 
action of bellows “X.” 
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Fig. 15 


nish an opposing force equal to the spring and 
thus preserve the proportioning action, it would 
be well to investigate its behavior if a given 
amount of air were entrapped within it. As a 
starting point, let us choose the normal output 
pressure of 9 psi required by the controller to 
maintain stable control at 50 per cent load. We 
will, therefore, charge the bellows with an air 
pressure of 9 psi and by: closing valve “R,”’ the air 
will be entrapped within the bellows. By making 
a suitable adjustment of link “S” to compensate 
for a slight variation in the spring constant be- 
tween the spring and inflated bellows, the control- 
ler will now be found to reproduce the 100 per 
cent proportioning action obtained with the spring 
opposed bellows (Fig. 15). This action can be 
checked by moving the pen arm across the chart 
and observing the proportional change of the out- 
put pressure. 


Allowing the process to reach stable control at a 
load of 50 per cent, we will now increase the load 
075 per cent. As in the case of the previous con- 
troller, as the pen arm moves to 75 on the chart, 

output pressure will gradually reach 12 psi 
and it will be seen that lever “T” has been moved 
to the 75 per cent position of travel. It is now 
desired to return lever “T” to its midposition and 
thereby upset the nozzle-baffle relationship to 
fause a rebalancing of the system. By opening 
valve “R,” we can admit output air at 12 psi into 
bellows “X” and, due to the increase in pressure 
within the bellows, force lever “T” to return to its 
Midposition. It should be noted at this point that 

bellows “Y” and “X” are charged with 12 psi 
Pressure and reach a position of equilibrium just 
a they were when equally charged with 9 psi 


pressure. 
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In both cases, lever “T” would occupy 


its midposition of travel. The table under Fig. 14 
shows the stepwise reset action just described. 


Please note that the process has rebalanced dur- 
ing this procedure and that the pen arm has re- 
turned to the control point. As we continue to 
observe the action of the process, it appears that 
the controller is no longer providing smooth and 
stable control but is behaving in the manner of an 
“on-off” controller. The process has fallen into a 
cyclic state and the pen arm continues to surge 
first above and then below the desired control 
point. 


The reason for the “on-off” behavior becomes 
obvious as we investigate the functioning of the 
opposing bellows. With valve “R” fully open, 
both bellows receive an equal impulse from the 
output line, consequently there is no motion im- 
parted to lever “T” to cause proportioning or fol- 
low-up action of the nozzle. Since the nozzle re- 
mains stationary, the slightest movement of the 
baffle will cause a rapid change of output pressure. 
This action is identical to the “on-off’’ controller 
previously demonstrated. To achieve automatic 
reset, yet preserve stability in the controller, we 
will find it necessary to throttle valve “R” to allow 
the air to slowly bleed into bellows “T’’ whenever 
a change in load is experienced. In this manner, 
the proportioning action of bellows “X” can be 
retained since any change in load causing a move- 
ment of the baffle will immediately produce a 
change in output pressure, and bellows “X”’ will 
reposition the nozzle accordingly. As the air 
slowly bleeds into bellows “X,” lever “T”’ is gradu- 
ally forced to return to its original position pre- 
ceding the load shift. In demonstrating this action 
on the panel (Fig. 15), valve “R” will first be set 
to gradually admit air to bellows “X.” In actual 
practice, this rate of bleed is governed by the 
stability of the process otherwise a cyclic condi- 
tion may be experienced. This adjustment then 
becomes the second knob in the instrument and a 
dial would be provided to indicate the rate of 
reset. 


Imposing a 50 per cent load on the demonstra- 
tion process we shall observe that the pen arm 
levels out at the “50” mark on the chart and con- 
tinues to hold at that point. The load will now 
be changed to 75 per cent. Note that the pen 
swings to approximately 20 chart units to the 
right of the control band, stops, and as the reset 
action continues to function, slowly returns to the 
control point. The controller has thus compen- 
sated for a load change. If the load is now re- 
turned to the 50 per cent value the pen arm will 
swing to about 20 chart units to the left of the 
control band, then slowly return to its original 
position. 


While the controller is now equipped to compen- 
sate for load changes, we are not quite satisfied 
with the speed of recovery. Remembering that on 
a process such as in problem “X,” for every min- 
ute the temperature has departed from the de- 
sired control band, the machine was turning out 
waste product amounting to a loss of $10 per min- 
ute. Increasing the rate of reset may help in 
some cases, but for this process it will be found 
that a higher reset rate may result in unstable 
control. 
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An auxiliary device is needed to increase the 
speed of recovery without impairing the reset or 
proportional action of the instrument. 


Reviewing the action of the “on-off” controller 
in Fig. 5A, we shall find that any slight motion 
transmitted to the baffle by the pen arm caused 
a rapid change of output pressure to the control 
valve. Due to the lack of follow-up action by the 
nozzle, a minute movement of the baffle caused an 
instantaneous change in nozzle back pressure. If 
this action could be incorporated in the propor- 
tional system of the controller now under discus- 
sion, the response rate could be greatly accelerated. 


It is evident that the nozzle follow-up action 
cannot be entirely eliminated if proportional re- 
sponse is to be retained. It is conceivable, how- 
ever, that by momentarily interrupting the follow- 
up action of the nozzle as the baffle assumes a new 
position, the output from the controller would 
momentarily change at a rapid rate. If follow-up 
action could then be restored, the insirument 
would again perform as a proportional controller. 
Recalling that follow-up action is produced by the 
air pressure impulse delivered to bellows “X,” the 
desired momentary interruption of follow-up 
action could be achieved by restricting the air flow 
to the bellows. By installing needle valve “P” in 
the air line feeding bellows “X” (Fig. 14), the 
flow to the bellows will be restricted in accordance 
with the setting of the needle valve. The con- 
troller will now operate thus: a slight dis- 
turbance of the pen arm will cause the baffle to 
change position in relation to the nozzle, and thus 
generate a rapid change in output pressure. Since 
the flow of air to bellows “X”’ is restricted by the 
needle valve, the proportional action of bellows 
“X” is greatly retarded, and this retardation al- 
lows the output pressure to increase or decrease 
at a rapid rate. Such acceieration will provide 
the increased rate of controller response we have 
been seeking. For this reason, the term “rate 
response,” is generally applied to such controller 
action. It is evident that as the air continues to 
bleed through needle valve “P,” the proportioning 
bellows will eventually cause the nozzle to assume 
its correct position in relation to the baffle and 
a preserve the proportional action of the con- 
troller. 


We shall now make use of this response on the 
demonstration panel by partially closing needle 
valve “P” and repeating the load change previous- 
ly shown with propcrtional plus reset response. 
The load on the process will be set at 50 per cent, 
the throttling range of the instrument will remain 
set at 100 per cent, and the reset rate will be 
slightly increased by further opening needle valve 
“R.” The three adjustments we have just made; 


namely, rate response, throttling range and reset 


rate, correspond to the three adjusting knobs on 
the instrument used in problem “‘X,”’ and would be 
set in accordance with the stability of the process. 


By increasing the load on the system to 75 per 
cent we now observe that the pen arm swings but 
4 or 5 chart units away from the control band and 
- quickly returns. Decreasing the load to 50 per 
cent we find that again the pen arm deviates only 
several chart units from the desired contro) point 
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and returns rapidly. Comparing this action » 
that of reset response only, the deviation from @. 
control band has been reduced from 20 chart yim 
to approximately 5 and the recovery time hag hem 
reduced considerably. In other words, the amount 
of lost product due to the deviation from the con. 
trol band has been substantially reduced. 








While the demonstration just performed g 
an accelerated recovery following an instantane 
ous load change of from 50 to 75 per cent, it shoul 
be pointed out that the majority of processes 4 
not receive such an abrupt upset in actual prac. 
tice. It is more likely that the load change will m. 
cur at a far slower rate such as that attending th 
transfer of heat through an interchanger, th 
gradual warming up of a heated space or othe 
similar processes. Rate response will assist gregt. 
ly in the stabilization of control in such cage 
since its function is to cause the controller outpyt 
to lead the response rate of the process. 


That is, if the pen arm were to move at a fixed 
rate away from the desired control point and th 
flow of air to bellows “X” (Fig. 183A) wasm 
stricted by needle valve “P,” the rate of follow 
motion would be retarded, the nozzle would be 
displaced from its normal relationship with th 
baffle, consequently, the output pressure would bk 
accelerated in relation to pen arm motion. Th 
accelerated output thus obtained will be found of 
great value in offsetting the ill effects caused ly 
time lag in the process and measuring element. 


A more effective demonstration of rate respong 
could be made by causing the load on the pand 
process to change at a given rate and obser 
the accelerated rate imparted to the output af 
pressure from the controller. In Fig. 15, a smal 
black box will be found located directly above th 
four loading valves. This box houses a motar | 
driven cam that opens or closes a fifth loading 
valve to produce a constantly changing load on th 
process. To produce the greatest effect, the prot 
ess would be arranged to incorporate time lag 
such as imposed by the restricting valve betwee 
the tanks in Fig. 15, and as the cam driven loading 
valve gradually changed the load on the system, 
the improvement in control due to rate respons 
could be vividly shown by alternately opening 
throttling valve “P.’”’ It would be found that whel 
valve “P” throttled the air to bellows “xX,” t 
controller output would change rapidly and caus 
the control valve to supply an excess of water # 
the left hand tank, increase the level in the tank 
and thereby assist in overcoming the resistance 
flow offered by the “time lag” valve in the proces 
Without the aid of rate response, the con 
output would appear sluggish and the proce 
would reach an unstable condition because the iF 
strument was unable to send an advance impult 
to the control valve to offset time lag. 


The instrument on the panel is now full 
equipped with the three adjustable responses mer 
tioned in Problem “X” and the instrument is ® 
sentially the same except that all the parts a 
arranged on plywood panels to improve the VisiDIF? 
ity of the working parts. Every well-know 
pneumatic controller on the market today Coe 
tains similar elements and operates on ident 
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principles but each manufacturer has 
aslightly different mechanism for making 


the adjustments. 


The mechanism to adjust throttling range may 
bea very simple arrangement of pivots and levers 
or again it may be a complicated assembly. The 
reset action may be accomplished by opposing bel- 
lows or by the use of a single bellows with the 
opposing pressures applied to opposite sides of the 
bellows. The restriction of flow to the bellows 
may be accomplished by special needle valves, re- 
stricting tubes, or a unit consisting of variable 


passageways. 


If we should enter the field of instrument manu- 
facturing we should proceed to redesign the basic 
controller elements on the panel to permit compact 
assembly within a case. We would also apply 
production methods in the making of each part. 
To meet the demand for accuracy and reproduce- 
ability specified by our customers, it would be 
necessary to establish an overall accuracy of per- 
formance in the order of plus or minus one per 
cent. That is, for every deviation of the measured 
variable, the output change must be proportional 
to the deviation within one per cent of the total 
range of the instrument. This requirement would 
force us to maintain rigid and costly inspection 
during all phases of manufacture and assembly. 


It would be most discouraging to visit our first 
large installation and find that while the instru- 
ments were working perfectly, the control valves 
were not responding to the accurate impulses 
supplied by the instruments. It would be reason- 
able to expect that excessive friction in the stuff- 
ing boxes of these valves could cause a “dead spot”’ 
amounting to 5 per cent of the valve range and 
since the response of the process depends on prop- 
er valve action, it would be obvious that the high 
accuracy of our instrument was nullified by poor 
valve action. 


To improve valve performance it would be neces- 
sary to overcome the effects of stuffing box fric- 
tion and hysteresis of the diaphragm material if 
the valve is to respond accurately. Our next step 
would be to design a mechanism that would de- 
tect improper location of the valve stem and pro- 
vide corrective action. 


It is desirable to avoid complicated mechanisms 
due to the fact that the device may be installed on 
4valve located in a corrosive atmosphere and sub- 
ject to space limitations. Our design must, there- 
ona embody simplicity, durability, and compact- 


As a basis for design, the valve in use on the 
onstration panel will be used as an example. 
we measure the trzvel of the valve stem as the 
phragm pressure is iiacreased from 3 to 15 psi, 
We shall find that distance to be one-half inch. If 
a accuracy of one per cent is required, the stem 
Must be located within 0.005 in. of the desired 
setting. Such close adjustment will require a sen- 
sitive “feeler” device to detect variations of this 
Magnitude. Recalling the previous use of a nozzle- 
System in detecting minute changes, we shall 
Proceed to utilize that scheme to act as the “feeler” 
our design of a valve positioner. 
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Fig. 16 VALVE POSITIONER 

In Fig. 16 we find the basic design for a valve 
positioner utilizing a minimum number of parts. 
The valve pictured therein is identical to the one 
on the panel and has a stroke of one-half inch from 
the open to closed positions. Mounted on the right 
of the valve frame is a unit consisting of bellows 
“A” which is opposed by a range spring “B.” This 
assembly is a duplicate of the follow-up unit used 
in the proportional controller and is so designed 
that a change of air pressure from 3 to 15 psi will 
cause the bellows to expand one-half inch. A noz- 
zle, marked “C,” is attached to a plate mounted 
between the bellows and spring. As the bellows 
expands or contracts, the plate and nozzle will 
move to a position proportional to the air pressure 
within the bellows. An air supply connection, 
shown at the upper right in the sketch, feeds air 
to a restriction “R” and thence to the nozzle 
through a length of flexible tubing. A branch 
from the nozzle line is connected to the top of the 
diaphragm motor. It will be remembered that this 
same scheme was used in the “on-off” controller 
and was capable of detecting a baffle movement 
measured in thousandths of an inch. In order 
that the position of the valve stem may become a 
function of nozzle position, a baffle ““D” is shown 
mounted on a collar attached to the valve stem. 
Once the baffle is adjusted to a definite clearance 
with the nozzle, and motion of the nozzle will cause 
a change in back pressure and thereby increase 
or decrease the air pressure transmitted to the 
diaphragm top. 

To explain the operation of the device, let us 
assume that the controller supplies an impulse of 
9 psi to bellows “A,” and that the correct position 
of the valve stem for this pressure is midstroke. 
As the nozzle assumes the new position dictated 
by the bellows, the baffle will then be manually ad- 
justed by sliding the collar on the stem until the 
baffle restricts the nozzle outflow sufficiently to 
create a 9 psi back pressure. As the diaphragm 
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receives this impulse it will move the valve stem 
downward to the midpoint of travel. The baffle 
support collar should then be locked into a per- 
manent location on the valve since the mechanism 
is now in proper alignment. 


Assume now that the impulse from the controll- 
er changes to 10 psi. With this increase in pres- 
sure, bellows “A” will expand, bringing the nozzle 
closer to the baffle and thus cause an increase in 
back pressure. In turn, this increase will move 
the valve stem downward causing the baffle to be 
retracted from the nozzle. As the pressure in the 
bellows reaches 10 psi we ehall find that the bel- 
lows has moved through a distance proportional to 
the air pressure change “nd, because of the nozzle- 
baffle action just desc. u, the valve stem has 
likewise moved an equal a.aount. Should friction 
in the valve prevent free movement of the stem, 
the baffle would temporarily be retarded in its 
movement, the nozzle would continue to approach 
the baffle and the resulting increase in back pres- 
sure would act on the diaphragm top until there 
was sufficient force to overcome friction. It should 
be noted that if the nozzle continued to move 
downward until it touched the baffle, a back pres- 
sure of 25 psi would be generated. This pressure 
should be ample to move the most obstinate of 
valves, providing the stuffing box is not corroded 
to the point of “freezing” the stem in a locked 
position. 


As a further example, let us assume that the 
controller impulse returns to 9 psi, thus demand- 
ing that the valve be returned to its original posi- 
tion. The decrease in pressure will cause bellows 
“A” to contract and the nozzle will be withdrawn 
from the baffle. The back pressure will thereupon 
be decreased, the diaphragm top will be deflated 
and the return spring in the valve will force the 
valve stem to rise. The baffle will be moved up- 
ward to re-establish clearance with the nozzle in 
the same manner of follow-up that occurred dur- 
ing the previous step showing an increase of im- 
pulse pressure. Should friction retard the move- 
ment of the stem during this operation, the baffle 
would momentarily remain fixed while the nozzle 
continued to move upward, the back pressure 
would continue to decrease until the full force of 
the return spring would become available to over- 
come friction. The valve stem would subsequently 
be returned to its midpoint of travel corresponding 
to 9 psi controller impulse. 








It has been previously demonstrated that, 
change in nozzle-baffle clearance measured 
thousandths of an inch can cause back presg 
changes in the order of 3 to 15 psi. It becoms 
apparent that the positioning device just q 
scribed will be capable of locating the valve 
within the tolerance required of the valve in } 
16, that of 0.005 in. By installing a unit of ¢ 
type on a valve, the performance of the valve. 
thereby be improved to match the accuracy of # 
controlling instrument. : 

A few variations in design will be required, New 
however, to permit the installation of the unit Ov 
all valves since the valve stroke will vary with th} ner: 
size and make of the valve. The positioners offeraj | “F!®' 
on the market today will be found to containg} *™, 
system of levers that provide a means for match | News 
ing the stroke of the valve to that of the bellows} 7 
spring assembly within the unit. 10 0 
_ The composite picture involving the process, the 
instrument, and the control valve has thus beg} “ist 
completed. R. E. 

etiien des Conclusions pany, 

ile this demonstration will in no way pr 
quantitative data leading to the solution pie = 
problems, it is believed that the visual demonstra. | _ sessic 
tion of controller parts in action will allow the} Wil 
trainee to study their operation in great detail diseu: 
The reproduction of a process under control wil age 
be of great value in stressing the importance @]} conch 
proper design and application, not only of theip } “De 
strument, but of the process as well. In reaching 
a full understanding of the operation of each com 
ponent, the maintenance man wi!l be better pe 
pared to locate trouble whether it be within 












instrument, the valve, or the process. It is gene § .™ 
ally agreed that on too many occasions, the in f call 
ment man is called on to make controller adj Amer: 


ments when the difficulty lies within the proces § April 

In presenting this demonstration to vari} 4 
groups such as supervisors, design engineers, it 
strument personnel and process operators, iti Con: 
felt that each group will obtain better understank | aunou 
ing of the overall problem and thus bring abot} 
closer coordination of effort. Such coordinati@}  gyent 
in the planning and operation of a control system! trips ; 
will assure successful and profitable operation @ 


the process. 
(Parts I and II were published in January and February issues of 
JOURNAL. The Instrument Society of America is mt Bo to 
this text available for general training usage for it represents a 
worthy contribution by industry to the field of Instrumentation. 
Society wishes to express its gratitude to the Eastman Kodak — 
for this contribution and to the Society members responsible for 

conception, Messrs. G. F. Akins and J. H. Kowalski.—Editor.) 





















The film, "Principles of Automatic Control" should 
prove very helpful in presenting the subject of auto- 
matic control to students, technical personnel, instru- 
ment mechanics, production supervisors, and opera- 
tors. 


For a Complete Description 
of Film Content Write to 





Aave you YEECUH The ISA 16-mm. Sound Motion Picture in Full Color? 


PRINCIPLES OF AUTOMATIC CONTROL 


INSTRUMENT SOCIETY OF AMERICA 


1319 Allegheny Ave. 











ISA Sections and educational institutions may borrow 
the film without charge. Other societies will be 7) 
charged $5 per showing and companies $20 per | 
showing. Copies of the film may be purchased by | 
firms and schools for $600. per copy. | 


Pittsburgh 33, Pa. 3 








Please mention ISA JOURNAL when writing. 
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Outstanding instrumentation engi- 
neers have been selected to discuss 
“Plow and Its Measurements”, at the 
New Jersey Section Sixth Annual Sym- 
posium April 6, Essex House Hotel, 
Newark, N. J. 

The morning session, beginning at 
10 o'clock, will hear Louis Gess, of 
Minneapolis-Honeywell Regulator Co., 
Brown Instrument Division, speak on 
“History of Flow Measurement,” and 
R. E. Sprenkle, of Bailey Meter Com- 
pany, on “Primary Flow Elements.” 

Howard S. Andrews, Esso Standard 
Oil Company, will present “Problems in 
Flow Measurement,” at the afternoon 
session beginning at 1:30 o’clock, and 
William A. Crawford, of E. I. du Pont 
de Nemours & Co., Inc., follows with a 
discussion on “Area Type Meters.” Dr. 
Jan Boeke, of The Foxboro Company, 
concludes the session with his talk on 
“Blectromagnetic Flow Meters.” 





New Jersey Section Symposium Set For April Sixth 


A Social Hour at five o’clock is spon- 
sored by friends of the New Jersey 
Section, at no cost to Section members 
and guests. 


A panel discussion of Flow Measure- 
ment Problems will begin at 8 o’clock 
with H. M. McCarthy, of Standard Oil 
Development Company, as moderator, 
and the following as panel members: 
V. V. Tivy, The Foxboro Company; J. 
A. Parker, Shell Chemical Company; 
W. A. Hagerbaumer, Socony Vacuum 
Oil Company, and R. Shapcott, Fischer 
& Porter Company. 


Registration fee for ISA members is 
2, plus dinner, $3.50, if received be- 
fore April 1. Non-members’ registra- 
tion is $3, dinner $3.50. For reserva- 
tions and further information write 
Bob Quick, 17 Lee Drive, West Cald- 
well, N. J. 


Caribbean Instrumentation Conference at Aruba 


The second Caribbean Instrumenta- 
tion Conference, sponsored by the 
Aruba Section, Instrument Society of 
America, is tentatively scheduled for 
April 22, 23 and 24, at the guest quar- 
ters and facilities of The Lago Oil & 
Transport Co., Ltd. 


Conference Chairman A. S. MacNutt, 
announces that the conference will in- 
dude two evening sessions with two or 
three talks each evening and a social 
event on the third evening. Field 
trips are planned for the second day. 


The Aruba Section hosts are making 
strong efforts to bring together instru- 
ment-minded people for serious dis- 
cussions for mutual benefit. Invita- 
tions are made to instrument manufac- 
turers, users and _ instrumentation- 
employed persons are urged to attend. 

Aruba’s first Caribbean Instrumenta- 
tion Conference was held in November 
1951. 

For further information and reserva- 
tions, write to A. S. MacNutt, % The 
Lago Oil & Transport Co., Ltd., P. O. 
Box 224, Aruba, N.W.I. 


1953 Proceedings Ready for Distribution 


Just off the press are the 1953 Pro- 
ceedings of the Instrument Society of 
America, Volume 8, containing all 74 
technical papers presented before the 
Eighth National Instrument Confer- 
oo held in Chicago, September 21-25, 


With over 340 pages devoted entirely 
© Measurement and control, the vol- 
ume is a valuable reference source for 
college engineering departments, tech- 
nical libraries, instrument manufactur- 
&s, consulting firms, instrument main- 

ce departments, construction en- 

rs, testing laboratories, instru- 
Ment materiel suppliers, process en- 

rs and instrument engineering de- 
partments. 

Copies of the Proceedings may be 

by mail both by members and 
ti-members, and orders will be filled 
m@ a first-come, first-served basis. 
to members is five dollars, to 
‘iMembers ten dollars, postpaid. 

Included in the Proceedings are 

on such general subjects as In- 


strumentation for Production Process- 
es, Testing Instrumentation, Instru- 
ment Operation and Maintenance, Phy- 
sical. Properties Measurement, Aero- 
nautical Instrumentation, Instrumen- 
tation for Transportation, Medical In- 
strumentation, Geophysical Instrumen- 
tation, and Process Control Instrumen- 
tation. 


A special highlight is the inclusion 
of papers delivered at the panel dis- 
cussion entitled “Instrumentation in 
Research and Development—The Fun- 
damentals”. Taking part in the dis- 
cussion were C. S. Draper, Massachu- 
setts Institute of Technology, E. P. 
Felch, Bell Telephone Laboratories, 
W. G. Brombacher, National Bureau of 
Standards, C. F. Lucks, Battelle Me- 
morial Institute, and Taylor G. Fletch- 
er, Beckman Instruments, Inc. 


Orders for the Proceedings should be 
mailed to the Instrument Society of 
America,. 1319 Allegheny Ave., Pitts- 
burgh 33, Pa. 
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Society Plans Third 
Analytical Instrument 
Clinic in Philadelphia 

The Third Annual ISA Analytical 
Instrument Clinic, under the direction 


of Dr. Axel H. Peterson, will be held in 
conjune- 


tion with the 
First Interna- 
tional Instru- 


ment Congress 
and Exposition 
in Philadel- 
phia, Septem- 
ber 13 through 
24, 1954. 

The Clinic 
which is sched- 
uled for Sep- 
tember 13, 14 
and 15, will be 
a lecture and 
demon 
stration course 
on the latest and most advanced 
analytical instruments. It is planned 
primarily for the benefit of technicians, 
engineers, physicists, and chemists 
who are using, or contemplate using, 
these instruments, and should be es- 
pecially valuable for graduate students 
in chemistry and physics. 

The participating companies and the 
instruments to be demonstrated are: 
X-Ray Quantometer by Applied Re- 
search Laboratories; Littrow-Echell 
Spectrograph by Bausch and Lomb Op- 
tical Co.; Infrared Spectrometer by 





Dr. Peterson 


Beckman Instruments, Inc.; Infrared 
Analyzer by (Company to be an- 
nounced); Ion Resonance Spectro- 


meter by General Electric Company; 
Process Monitor Mass Spectrometer by 
Consolidated Engineering Co. and 
Nuclear Magnetic Resonance Spectro- 
meter by Varian Associates. 

A three-hour session devoted to each 
instrument and conducted by two or 
more experts will cover the theory of 
the instrument, and electronic, opti- 
cal, and mechanical design features, as 
well as details of applications. 

Advance registration will be re- 
quired. Any number of sessions, up 
to five, may be attended. The sessions 
on each instrument will be small and 
will be repeated up to a maximum of 
five times. 

For registration forms and further 
information write to Dr. Axel H. Peter- 
son, Mellon Institute, 4400 Fifth Ave- 
nue, Pittsburgh 13, Pennsylvania. 

Part of the entertainment planned 
for visitors will include an evening 
boat ride down the Delaware River on 
September 16. The Wilson Line Motor 
Vessel Delaware Belle, with a 2000- 
passenger capacity, has been char- 
tered by the host’s entertainment com- 
mittee. Tickets and information will 
be available during the first days of 
the Congress and Exhibition. 
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FITTING THE INSTRUMENT 
TO THE JOB WAS TOPIC 
OF BOSTON SECTION 


B. Ross Nason, Assistant Director of 
Engineering, Incrganic Chemicals Di- 
vision, Monsanto Chemical Company, 
presented examples of ordinary and 
unique start-up difficulties that arise 
with process instrumentation during 
his talk on “Fitting the Instrument to 
the Job.” 

Mr. Nason also demonstrated the 
possibilities of eliminating some of the 
difficulties based on his experience in 
this field. 

A twenty-minute talk and discussion 
on “Winterization of Process Instru- 
ments” was presented by E. R. Hoff- 
man, Past President of the Boston Sec- 
tion.—By Robert E. Alexander. 


—!ISA— 


REFRIGERATION CONTROL 
IS N. CALIFORNIA TOPIC 


Instruments and control for evap- 
orators and compressors, and tempera- 
ture and humidity controls will be 
featured in a talk by Edward Simons, 
consulting engineer, at the April 19, 
meeting of the Northern California 
Section. 

The meeting is scheduled at 8 o’clock 
at Angelo’s, 4307 San Pablo Ave., 
Emeryville, Calif. 

The Section also plans a “Manufac- 
turer’s Night”, May 3rd, at Hotel Clare- 
mont, Berkeley, Calif. A _ field trip 
through the Kellogg Office of the 
Pacific Telephone and Telegraph Com- 
pany, is scheduled for May 19 and 20. 
There will be no Section meetings in 
July, August and September.—By Earl 
E. Larson. 

—!isA— 


ST. LOUIS ?LANS TALKS 
ON MAINTENANCE 


Two “Maintenanze Piscussion 
Group” meetings are planned for 
March by members of the St. Louis 
Section. The subject of both meetings 
will be “Ring Balanced Meters and 
Flow Signal Transmitters—Calibration 
and Servicing.” 

The first group meeting, March 
16th, will be held at the Monsanto 
Chemical Company’s New Service 
Building, St. Louis, and the March 
17th meeting at the Shell Oil Com- 
pany, Roxana, Ill. The discussions 
will be lead by Ivan Little of the 
Hagen Corporation.—By L.. D. Cipriano 


—!ISA— 


OAK RIDGE SECTION NEWS 

M. F. Peters, consultant for the 
Breeze Corporation, metal fabricators 
and manufacturers of automotive and 
aircraft instruments, demonstrated the 
use of “low pressure bellows in high 
pressure systeins as fluid amplifiers”, 
before the March meeting of the Oak 
Ridge Section.—By C. Doolittle. 
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Philadelphia Elects 
Robert T. Sheen 
Section President 








Robert T. Sheen, President of Mil- 
ton Roy Company and Secretary of 
ISA has been elected President of the 
Philadelphia 
Section for 
1954. Philadel- 
phia, which 
will be the 
Host Section to 
the First In- 
ternational In- 
strument Con- 
gress and Ex- 
position, elect- 
ed the follow- 
ing officers: 

Ralph C. 
Kimball, Amer- 
ican Viscose 
Corporation as 
William J. Leighton, 
as Secretary; 





President; 
Corporation, 
Jung, Catalytic Construc- 
George 
N. Ehly, Atlantic Refining Company; 


Vice 
Conoflow 
Werner D. 
tion Company, as Treasurer; 


as National Delegate, and E. Albert 
Adler, United Engineers & Construc- 
tion Company, historian. 

The 1954 Executive Committee in- 
cludes E. Albert Adler, John C. Koch, 
Conoflow Corporation and Douglas M. 
Considine, Minneapolis-Honeywell Reg- 
ulator Company.—By Don Jones 

-ISA— 


PITTSBURGH SECTION 
NOW INCORPORATED 


Articles of incorporation as a non- 
profit organization have been issued by 
the Secretary of the Commonwealth of 
Pennsylvania on petition of Pittsburgh 
Section members, Mifflin S. Jacobs, L. 
M. Susany, Dr. Axel H. Peterson, B. H. 
Bremer and Robert A. Lambert. 

Outwardly, there is no change. The 
Pittsburgh organization remains part 
of the national Society and “shall exist 
perpetually” as the “Pittsburgh Section 
Instrument Society of America’. 

—Fred D. Marton. 
—iSA— 


GHOSTS IN TELEVISION 


TOPIC AT ALBUQUERQUE 


A. P. Gruer, Director of Electronics, 
Sandia Corporation, addressed the 
February Albuquerque Section meeting 
on the subject of “Ghosts in Televi- 
sien.” 

He explained reasons for TV echoes 
and demonstrated by slides and mathe- 
matics the phase and frequency dis- 
tortions. Radio relay and coaxial cable 
transmissions were also discussed. 

Next regular meeting of the Albu- 
querque Sectica will be held April 8 
at the Coronauo Club, Sandia Base.— 
Frank N. Reeder. 


SECTION CORRESPONDENT, 
are invited to submit Section 


News directly to the Managing _ 
Editor, National Office ] 


DEADLINE is 15th of mony 
preceding month of proposed 
publication. Clear glossy photos 


of ‘“‘action’”” news are desired, 





TORONTO MEMBERS HEAR 
TALK ON TREND OF 
MODERN INSTRUMENTS 


Frank Emerson, Application 
neer with the Taylor Instrument Coy. 
pany presented an interesting talk @ 
“A Trend of Modern Instruments,” g 
the Section’s February meeting. yy 
Smerson based his talk on his long 
experience with the Taylor Instrumey 
Company and his varied experience 
instrumentation development problem 
—By J. W. Huether. 

~tSa— 


pH MEASUREMENT TOPIC 


OF CENTRAL ILLINOIS 

Herbert M. Gaarder, Jr., field eng) 
neer for Beckman Instruments, fae 
addressed the February meeting of the 
Central Illinois Section on the subjet 
of need for pH measurement and om 
trol in most industries. 

Eric B. Bensing, Section Secretary 
and technical chairman, in introducing 
the guest speaker discussed the pb 
lems facing industry in selecting cap 
able instrument men. “With the deve 
opment and use of complex electron 
and mechanical measuring and conti 


instruments,” he _ said, “instrumeit 
men can no longer be jacks-ofal 
trades. The plant electrician usualy 


is not capable of handling electron 
controls. Neither is a steam fitter able 
to cope with ultra-modern equipmelt 
The question today is, ‘who shoul 
supervise instrument maintenance, # 
we know it today? ”’—By Gerald} 
Hornbacker. 


nt 3 Ane 

HOUSTON SECTION TO 
INSTALL NEW OFFICERS 

Houston Section’s Annual Installs 
tion of Officers dinner will be hel 
March 19 at John’s Restaurant, 9350 
South Main St., Houston, Texas. Vie 
iting members of ISA are cordially i 
vited to attend. Contact Leonat 
Meyer, P. O. Box 1743, Houston } 
Texas, or Section Secretary A. Costa 
3507 Milam St., Suite 204, Houstot— 
By Leonard Meyer. 


—f{SA~— 
PRESQUE ISLE SECTION 
TO ELECT NEW OFFICERS 
The March 27 meeting of te 
Presque Isle Section will elect a nev 
slate of officers and hear a lecture @ 
“Thermistors” by E. E. George of tt 


Carboloy Division, General El 
Company. 
M. M. Haefele of the Hastma 


Kodak Company spoke on “High Speed 
Photography” at the Section’s Mare 
15 meeting. This meeting was 2© 
jointly with the AIEE Section at i 
General Electric Company Comm 

Center.—By Mrs. W. A. Spangenberg. 


—({$SA— 

The Sabine-Neches Section meetiif, 
date at the Orange County 
House, Orange, Texas, has 
ehanged to the fourth Tuesday each 
month. E 
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A SECTION HEARS 
g ER ON “DYNAMIC 
ELE ONIC WEIGHING” 
Mr. Willis R. Swanson, Vice Presi- 
nt and Chief Engineer of Control 
om Corporation, addressed the Wich- 
= tion February meeting at the 
sience building, University of Wich- 
om on the topic, “Dynamic Electronic 
hing.” ol 
Yo talk covered four subjects, Brief 
survey of electronic weighing devices; | 
Weighing devices built into vehicles; 
Other new portable weighing mechan- | 
isms and Design considerations, cir- 
mits and performance characteristics. 
_-By Louis N. Vox. 














IN GAGES TOPIC OF 
PHILADELPHIA MEETING 


The Philadelphia Section’s “Shirt 
Sjeeve Clinic” of the February 17 meet- 
ing Was conducted by Mr. B. L. Sut- 
ton, formerly of the Baldwin-Lima- 
Hamilton Corporation. The subject of 
his talk, “The Use of SR-4 Devices in 
Weight Measurement and Process Con- 
trol,” involved discussions of practical 
experience in the use of strain gages. 

The Section’s technical session heard 
Mr. Francis J. Tatnall, Baldwin-Lima- 
Hamilton Corporation, speak on 
“Strain Gages for Industrial Applica- | 
tions of Measurement and Control.” He | 
discussed particularly the basic prin-| 
ciples of operation of the strain gage| 
and the three basic circuits which lead 
to the basic principal methods of | 
mounting a gage for various forms of 
industrial measurement of load and 
Weight, pressure, force acceleration, 


torque, displacement and also for regu- | 
lation and control purposes in applica- | 
tions of industrial measurement. | 

“Monitoring Systems” is the subject | 
of Mr. 8. Kroll, of Taller and Cooper, | 
for the March 17 meeting of the Phil- | 
adelphia Section to be held at the Elks | 


| 
| 


Club, 1320 Arch Street.—By Don Jones. 


NORTHEAST TENNESSEE 
ELECTS 1954 OFFICERS 


The Northeast Tennessee Section 
has elected the following men to office 
for a term of one year. 

President, Robert D. Little, Ameri-| 
tan Bemberg Corporation; Vice Presi- 
dent, C. W. Garritson, Tennessee East- 
man Company; Second Vice President, 
L. L. Hodges, Tennessee Eastman 
Company; Secretary, S. E. Abernathy, 
Equipment Sales Corporation: Treas- 
urer, J. S. Hawkins, Tennessee East- 
man Company; National Delegate, L. 
0. Harrell, Mead Corporation; and| 
Alternate Delegate S. BE. Abernathy. ! 

This Section meets the third Tues- 
day of each month at 7:30 p.m. in the 


Kingsport Civic Auditorium.—By G. W. 
Bartlett, 


SAVANNAH RIVER HOLDS | 
INSTRUMENT OPEN HOUSE | 

A different type of program will be | 
offered by the Savannah River Section | 
for the April 14 meeting. Local instru- 
Ment venders and manufacturer’s rep- | 
Mesentatives will be given space to| 
ethibit and demonstrate their equip- | 
Ment in an “Instrument Open House.” | 

Members of several local chapters of | 
‘gineering societies have been invited | 
the Section’s buffet supper, meeting | 
ad exhibit—By L. P. Skinner. 
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COMPREHENSIVE COVERAGE 
of INSTRUMENTATION in 1953 
CONTAINING: 


@ Over 340 pages devoted exclusively to 
measurement and control 

@ Complete record of the 1953 Instrument 
Conference 

@ 68 Technical papers 

@ Latest information on developments in testing ... maintenance ... analysis . . 

research ... development ... training ... medicine ... aeronautics ... geophysics... petroleum  . ‘10.00 John 

processing ... food processing ... chemical processing . . . and transportation. DETRO! 
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Donald R. Waltenberger, Babcock & Wilcox 
Research Center 
ATLANTA 
Kenneth P 
& Co. 


eter Knudsen, III, K. P. Knudsen 


ARKLALTEX 
Hear Allen Cooke, Southland Paper Mills, 
Glen ~ Payne, Commercial Solvents Corp. 
ene _ Stevens, John H. Carter Co. 


ee Miles, Walter A. Rankin Co. 
Minneapolis-Honeywell 
Regulator Co 


Edwin Eugene Slover, Army Chemical Center 
C & RL) 


Norman W. Fulton, The Mackenzie Walton 
Co. 


Francis E. George, Mason-Neilan Reg. Co. 
Oscar J. Hardegen, Mason-Neilan Reg. Co. 
Henry M. Mautner, B. I. F. Industries Inc. 
Edward P. Newborg, Genera! Electric Co. 
George M. Schutter, Kendal! Controls Corp. 


ce ge 
. Reid, Jr., Central Illinois Light 


CENTRAL KEYSTONE 
Henry M. Albright, Bethlehem Steel Co. 
Ly ay J. Brosch, Minneapolis-Honeywell 


Reg. Co 
William E. Hockersmith, Minneapolis-Honey- 


well Reg. Co. 
Charles C. Kienzle, Jr., Armstrong Cork Co. 
Parker A. Olmsted, Bethlehem Steel Co. 
CENTRAL NEW YORK 
Donald Paul Stearns, Onondago Pottery 


CHARLESTON 
Jerald B. Hall, Barrett Div., A. C. D. Corp. 
Drexel Jerry Tomlinson, Union Carbide & 
Carbon Chem. Co. 
CINCINNATI 
Robert J. Kammer, Emery Industries 
Peter H. McNay, McNay Equipment Co. 
Robert A. Scheffer, General Electric Co. 
CLEVELAND 
Richard 8. Baker, Fischer & Porter Co. 
Carl Raymond Hallberg, B. F. Goodrich 
Chem. Co. 


CUMBERLAND 
Royee A. Smelser, Allegany Ballistics Lab. 


Eugene Ray Lindsey, Bay Petroleum Corp. 
DETROIT 


Daniel B. Harrington, Bendix Aviation Corp. 
John R. Miller, Chrysler Engineering Co. 
DETROIT 


Arthur G. Perkins, Ford Motor Co. 
Harold William Reese, General Motors Inst. 
a A. Wilner, Consolidated Engineering 


rp. 

EASTERN NEW YORK 

Leonard M. DuBois, Marinette Paper Co. 

Richard P. Lawler, General Electric Co. 
EDMONTON 

J. J. Maxwell, ian Gordon Mines 
FOX RIVER VALLE 

William A. J. ‘iittchel Central States Engi- 


neering, Inc. 
Lewis A. Riley, Riley Power Equipment Co. 
HOUSTON 
Pernell J. Moore, Baroid Sales Div., 
Lead Co. 


LOS ANGELES 
Fred Edward Baumgartner, Schwein Engi- 
heering Co. 
William A, Cosgrove, Leeds & Northrup Co. 
Joe Davidson, Joe Davidson & Associates 
Donald V. Gayton, Jr., Fischer & Porter Co. 
William M. Hawkins, Jr., Consolidated En- 
gineering Corp 
RA. Tehneen, Bi Hardinge Brother, Inc. 
Allen Patterson, Schwien Engineering 


Co. 
Charles F. Quirmbach, Jr., 
neering Co. 
William R. Thompson, Kimberly Corp. 
MILWAUKEE 


J. Parent, University of Wisconsin 


National 


Schwien Engi- 


L 
Richard Samuel Clark, 
J Tronics Ltd. 
ames Krag 7 
rick N 
nein — orris, 


C. Querido, Foxboro Co., Ltd. 


Mach 1955 


Canadian Aviation 


. Chown Ltd. 
Fischer & Porter 








NEW JERSEY 
Victor J. Elliott, Mine Safety Appliances Co. 
— S. Northup, Jr., Trinity Equipment 
or 
NEW YORK 
Hamilton R. Bristol, The Bristol Co. 
Robert Loveitt Chapman, Liston-Becker In- 
strument Co. 
Roger F. Hogan, Beckman Instruments, Inc. 
John M. Englisby, Combustion Control Corp. 
Albert Kestler, Curtiss-Wright Corp. 
NEW YORK 
Albert Kopeinig, Energy Control Co., Inc. 
Stephen L. Lane, Curtiss-Wright Corp. 
Herbert H. Lorenzen, Consolidated Edison 
Hyman L. Paster, Curtiss-Wright Corp. 
Arthur Charles Schupbach, Jr., Energy Con- 
trol Co. 
Alexander Sheskier, Sylvania Electric Prod- 
ucts 
John B. Sullivan, Photoswitch Inc. 
Thomas Patrick Sullivan, Manhattan College 
NIAGARA FRONTIER 
James L. Kern, Durez Plastics & Chemicals, 


Inc. 
NORTHERN INDIANA 
A, A, Fennell, Fennell Engineering & Manu- 
facturing Co. 
R. D. Goldmacher, Purdue University 
NORTHERN CALIFORNIA 
John W. Littleton, Norman Brown Co. 
NORTH EASTERN TENNESSEE 
George Wallace Jones, Holston 
Corp. 
Lawrence W. Walker, Firestone Tire & Rub- 
ber Co. 
OAK RIDGE 
E. S. Cantrell, 
atories 
PADUCAH 
Roger Bell, Minneapolis-Honeywell Reg. Co. 
Virgil C. Benton, Minneapolis-Honeywell 
Reg. Co. 
Charles C. Brust, Tennessee Valley Authority 
Emil Ederle, Minneapolis-Honeywell Reg. Co. 
Robert G. Metke, Tennessee Valley Authority 
James York, Pennsylvania Salt Manufactur- 
ing Co. 
PANHANDLE 
Baxter G. Clayton, Moorlane Co. 
Daniel T. McElligott, Foxboro Co. 
PHILADELPHIA 
Robert W. Armstrong, Foxboro Co. 
William F. Braun, Jr., J. E. Lonergan Co. 
William F. Brendlinger, J. E. Lonergan Co. 
John H. Buri, Minneapolis-Honeywell Reg. 
Co. 
Pierce Vincent Eckhart, J. E. Lonergan Co. 
A. Scott Hazel, Arnold O. Beckman Inc. 
John H. Leary, Jr., J. E. Lonergan Co. 
J. Mack Nevergole, Roland Ullman Ore., Inc. 
Paul A. Rixon, Jr., J. E. Lonergan Co. 
Stuart C. Sommer, James G. Biddle Co. 
Albert F. Stumm, J. E. Lonergan Co. 
PITTSBURGH 
Theodore Kohl, Westinghouse Airbrake Co. 
James B. Marshall, W. A. Stoeltzing 
Orville Orbom, Aluminum Research Labora- 
tories 
—— H. Prestia, Continental Equipment 


ROCHESTER 
John K. Hill, Taylor Inst. Co.’s 
SAVANNAH RIVER 
J. W. Ancarrow, E. I. Du Pont de Nemours 


Ordnance 


Oak Ridge National Labor- 


& Co., Ine. 
J. K. Lamberth, E. I. Du Pont de Nemours 

& Co., Inc. 
Guy McGray, Jr., E. .. Du Pont de Nemours 

Co., Ine. 


Wesley Edward Sawyer, E. I. Du Pont de 
Nemours & Co., ‘ne. 
SAVANNAH RIVER 
Adrian 8S. Schenck, “. I. Du Pont de Nemours 


& Co., Inc. 

Lewis D. Selph, E. I. Du Pont de Nemours 
& Co., Ine. 

Max 8S. Sims, E. I. Du Pont de Nemours & 
Co., Ine. 


David P. Smith, Jr., Miller Electric Co. 
Ledema G. apne E. I. Du Pont de Nemours 
& Co., In 
SABINE- NECHES 


Herbert R. Sibley, E. I. Du Pont de Nemours 
& Co., Inc 
ST. LOUIS 
Allan Edward Brennecke, Taylor Instrument 
Co.’s 
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TOLEDO 
Charles C 


TULSA 


. Cooke, Owens Illinois Glass Co. 





W. H. Brixey, Electric Specialties Manufac- 


turing Co. 
Richard F. McCormick, 
Bryson, Inc. 


Black Sivalls 


& 


William H. Shenkle, Rockwell Register Corp. 


L. D. Travis, Mechanical Design Inc. 
TWIN CITIES 


Arnold J. Drube, Minnesota Mining & Manu- 


facturing Co. 


Richard W. Polgreen, Minnesota Mining & 
Manufacturing Co. 

Donald Sutherland, Minnesota Mining & 
Manufacturing Co. 

Charles R. Weber, Minnesota Mining & 


Manufacturing Co. 
WAYNE COUNTY 
Jack Burkhardt, Great Lakes Steel Co. 
R. B. Turpin, Smith Instrument 


WILMINGTON 


Samuel F. ame E. I. Du Pont de Nemours 


& Co., In 
Melvin ton Purtell, E. I. 
mours & Co., Ine. 
MEMBERS AT LARGE 
H. Jay Boyce, P. E., H. Jay Boyce 


Du Pont de Ne- 


George O. Deschamps, Westinghouse Electric 


Corp. 


Captain James A. Duncan, USNR, Grinnell 


Corp. 
Otte Koch, Westvaco Chemical Corp. 
John L. 
sociation 


Reddy, Jr. Cooperative Refinery As- 


Thomas K. Tamashiro, International! Testing 


Service 





Invite Your Friends 
to Join Your ISA 

Section...We Will 
Send this Booklet... 





with a special letter and ap- 
plication blank mentioning 


you as the sponsor. Just 
send us the name and ad- 
dress—we will do the rest. 


INSTRUMENT SOCIETY OF AMERICA 
1319 ALLEGHENY AVE PITTSBURGH 33, PA 














57 





SECTION SECRETARIES 
and 
MEETING DATA 


AKRON 
V. J. Horning, 444 Catawba., Akron, 
Ohio 
Fourth Tuesday, Meeting 8:15 P.M. 
ALBUQUERQUE 
A. Richard Charlton, 1229 Girard Blvd., 
N. E., Albuquerque, New Mexico 
Second Thursday, Meeting at 8:00 P.M. 
ARK-LA-TEX 
Wm. H. Co: ‘es, Minneapolis-Honeywell 
Reg. Co., 2737 Linwood Ave., Shreve- 
port, La. 
ARUBA 
Nicholaas P. Schindler, P. O. Box 320, 
% Lago Oil & Transport Co. Ltd., 
Aruba, N.W.I. 
First Tuesday, 7:30 P.M., Engr’s Club. 
ATLANTA 
Roy W. Freeman, 27 Clarendon Ave., 
Avondale Estates, Ga. 
Fourth Monday, Dinner Meeting 6:30 
P.M. ODK Sale Hall, Georgia Tech. 
BALTIMORE 
so B. Greer, 631 East 36th St., Baltimore 
8, Md., Tel: Chesapeake 6879 
pat Friday, Meeting at 8:30 P.M. 
BATON ROUGE 
Richard 8S. Yahrmarkt, 
Street, Baton Rouge, La. 
First Monday, 7 P.M. 
BIRMINGHAM 
W. B. Sanford, 4143 Huntsville Ave., 
Brighton, Ala. 
BLUE RIDGE 
David C. Moore, Box 425B RFD # 4, 
Roanoke, Va. 
Last Friday, Recreation Hall, 
Arsenal, Radford, Va. 
BOSTON 
Joseph H. Bertram, 233 Harvard St., 
Brookline 46, Mass. 
Fourth Wednesdey, Dinner 6:30 P.M. 
Meeting at 7:30 )?.M. 99 Club, 99 State 
St., Boston, Mass. 
CAROLINA PIEDMONT 
Lawrence A. Schafer, % E. I. duPont 
deNemours & Co». Inc., P. O. Drawer A, 
Camden, S. C. 
Second Friday, Dinner at 7:30 P.M. 
Meeting at 8:00 P.M. Coach House 
Restaurant. 
CENTRAL ILLINOIS 
Eric B. Bensing, 1710 North Street, 
Peoria, Ill. 
Second Wednesday, 7:30 P. M. 
April 7—A. K. Kvarve, Silas Mason Co. 
CENTRAL INDIAI‘A 
J. C. Gruber, 6119 Burlington Ave., 
Indianapolis 20, Ind. 
First Tuesday, Dinner at 7:00 P.M. 
Business Meeting at £:00 P.M. 


CENTRAL KEYSTONE 
Frederick C. Belsak, 17 Hoffer St., 


Steelton, Pa. 

CENTRAL NEW YORK 
Fred Lingel, 712 Summer Ave., 
cuse,, N. Y. 
Third Monday, Dinner at 6 P.M. Meet- 
ing at 8:00 P.M. 

CENTRAL OHIO VALLEY 
J. C. Dilliner, 813 Winton Ave., Belpre, 
Ohio, Tel: Belpre 87596 
First Tuesday, Dinner at 7:36 P. M., 
Hi-way Grille, Rt. No. 2 

CHARLESTON 
J. A. Rothwell, 
W. Va. 
First Monday, Dinner at 6:15 P.M. 
Meeting at 8:30 Kanawha Aijirport 
Terminal 


1945 Tulip 


Radford 


Syra- 


310 24th St., Dunbar, 
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CHICAGO 
Floyd E. Ertsman, Rm. 1420 Fisher 


Bldg., 343 S. Dearborn St., Chicago 4, 
Ill. Tel: WE 9-0686 

First Monday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M. Builders Club, 
228 N. LaSalle St., Chicago, Ill. 


CINCINNATI 
Richard E. Surkamp, 7347 Richmond 


Avenue, Cincinnati 36, Ohio 
First Monday, Dinner at 6:30 P.M. 
Meeting 8:00 P.M. Engineering Soc. of 
Cinn. 

CLEVELAND 
R. C. Van Hala, % Van Hala Indus- 
trial Co., P. O. Box 2602, Lakewood 7, 
Ohio 
Second Wednesday, Dinner 6:30 P.M., 
Meeting at 8:0) P.M. 


COLUMBUS 
J. A. Hamblin, 3549 Karl Rd., Colum- 
bus, Ohio 


Third Thursday, Meeting at 8:00 P.M. 
3attelle Auditorium. 


CUMBERLAND 
Clyde Babst, 225 Cecelia St., 


land, Md. Tel: 583-W 

Fourth Wednesday, Dinner at 6:30 
P. M., Meeting at 8:00 P.M. Ali Ghan 
Shrine Country Club, Baltimore Pike. 


DENVER 
Lloyd O. Timblin, Jr., 937 
Boulder, Colo. 
No regular scheduled meeting. U. of 
Denver, Science Bldg. Campus. 

DETROIT 
Philip Hill, Minn.-Honeyweil Reg. Co., 
13631 Plymouth, Detroit 27, Mich. 
Third Wednesday, Meeting 8:00 P.M. 


Cumber- 


Pleasant, 


EDMONTON 
E. G. McCourtney, “% Wells, H. Morton 
& Co., Ltd., 10251-106 St., Edmonton, 
Alberta, Canada. 

EASTERN NEW YORK 
Fred A. Ludewig, 2042 Broadway, 


Schenectady, N. Y. 
First Tuesday, Meeting at 8:00 P.M. 
Siena College, Loudonville, N. Y. 
FOX RIVER VALLEY 
John R. Redgrave, 109 S. Appleton St., 


Appleton, Wisc. 
First Tuesday, 8:00 P.M. 
HOUSTON 


A. Costa, 3507 Milam St., Suite 204, 
Houston, Texas. 
Last Monday 8&8 P.M. U. of Houston 


Library. 
KALAMAZOO VALLEY 
John M. Perry, “ Arthur B. Sonneborn 


Co., 1322 McKay Tower, Grand Rapids, 
Michigan 

Fourth Wednesday, 8:00 P.M., Din- 
ner at 6:30 P.M. Meeting at Columbia 
Hotel. 


KANSAS CITY 
E. J. Bumsted, 4010 Washington, Kan- 


sas City, Missouri 

First Tuesday, Meeting at 7:30 P.M., 
U. of Kansas City, Science Bldg., Rm. 
106. 

LAKE CHARLES 

W. L. Willoughby, 3508 Louisiana Ave., 
Lake Charles, La. 

First Wednesday after last Monday in 


month. Columbia Southern Recreation 
Hall 

LOS ANGELES 
Robert W. Fulwider, 5225 Wilshire 


Blvd., Los Angeles 36, Calif. 
Second Wednesday, Dinner at 6:30 
Meeting at 8 P.M. 


LOUISVILLE 
Emanuel Malkin, Box 145 Lyndon, 


tucky. »f 
First Monday, Meeting at 8:09 Py 
Seagram Auditorium 


rn KEE 
. A. Spitz, Froedtert Malting Co., Box 


~ Milwaukee, Wisc. 
No Regular meeting, Milwaukee Engi. 
neer Society Bldg. 
MONTREAL 
J. R. White, % Canadian Industria 
Ltd., P. O. Box 10, Montreal, Quebee, 
Canada 
Last Monday of Month, Meeting sy 
P.M. 
MUSCLE SHOALS 
Frank W. Potter, T.V.A., Wilson Dam, 
Ala. 
First Thursday, Meeting 8:00 PM, 
TVA Chemical Engineering Bldg. 
NEW JERSEY 
Eliot R. Hill, 
Plainfield, N. J. 
First Tuesday, Meeting 8:00 Py, 
Essex House Hotel, Newark, N. J. 
NEW YORK 
R. A. Hutcheon, 45-65 196th St., Pio. 
ing 58, N. Y. Tel: BAyside 9-5482, 
Third Monday, Dinner at 6:00 PM, 
Meeting at 7:30 P.M., Midston Hous, 
88th St. & Madison Ave., New York. 
NIAGARA FRONTIER 
Duran L. Hagler, 214 E. Delavan Ave, 
Buffalo, N. Y., Tel: Elmwood 1258, 
Fourth Monday, Dinner at 6:00 Px 
Meeting at 8:00 P.M., N.Y.S. Technic 
Institute. 
NORTH As 
. E. Byers, 6000 Lemmon Ave., Dalla 
s Texas 


ates ag TENNESSEE 
E. Abernathy, % Equipment Sale 


nod 841-345 W. Market St., Kings 
port, Tenn. 


NORTHERN CALIFORNIA 
George W. Killian, 3718 Ramsey Court 


El Sobrante, Calif. Tel: BEacon + 
0523 
Third Monday, Meeting 8:00 P.M. 


eee ae INDIANA 
B. Beckman, 


Riad Ind. 

Second Tuesday, Meeting at 8:00 Pil 
Whiting Community Center, Whiting, 
Ind. 


OAK RIDGE 
John E. Potts, 309 W. Vanderbilt Dr, 


Oak Ridge, Tenn. 
First Wednesday at 7:30 Ridge Recrer 
tion Hall. 


pate on ay ty 
. A. 


1125 Kensington Ave, 


7145 Wicker Ave, 


Coffield, 2219 E. 39th St., Savat 
oO Ga. 
Second Friday, 8 P.M. Reddy Kilowatt 
Room, Savannah Electric and Powe 
Company. 


PADUCAH 
J. B. Russell, Carbide & Carbon Chem 


cals Co., P. O. Box 748, Paducah, BF 
Tel: 5-6311 Exe. 403 

Second Tuesday Dinner at 6:30 Pal 
Meeting 8:00 P.M. 


PANHANDLE 
Baxter G. Clayton, 1003 Bonham, Am 


rillo, Texas 
Third Tuesday, Dinner at 7:30 PM. 
Phillips Grade School Cafeteria, Phir 
lips, Texas. 


PERMIAN BASIN 
W. R. Henry, P. O. Box 1262, Odestt 


Texas 2 
Second Tuesday, Dinner at 8 P. 
Tel: 2-2813. 


PHILADELPHIA 
William J. Leighton, % Conoflow Cort. 


2100 Arch St., Philadelphia 3, Pa. 
Third Wednesday, Elks Club, 1320 

St. Dinner at 6:30 P.M. Meeting # 
7:30 P.M. 
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mrrse Dr. A. H. Peterson, Mellon Institute, 
4400 Fifth Ave., Pittsburgh 13, Pa. 
Ma. 1-1100 
Fourth Monday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M., Roosevelt Hotel 


pRESQUE ISL 


E 
F. L. Moore, American Meter Co., 920 
Payne Ave., Erie, Pa. 
Fourth Tuesday, 8:00 P.M. 


:. Plee, 1309 Roberdeau, Richland, 
Wash. Tel: 5-8692. 
Second Wednesday, 7:30 P.M. 


TER 
nOCHES C. Schwarz, Jr., 1201 Granite Bldg., 


Rochester 10, New York Tel: Hamilton 


1468 
Fourth Tuesday, Meeting 8 P.M. U. of 
R. Bausch & Lomb Physics Lecture 
Room 109. 

SABINE-NECHES ; 
L. A. Desormeaux, 203 Pine St., Port 


Neches, Texas 
Fourth Tuesday, Meeting at 7:30 P.M., 


Orange County Court House, Orange, 
Texas 

SARNIA 
L. J. Hall, 730 Talfourd St., Sarnia, 


Ont., Canada, Tel: Edgewater 7-2258. 

Fourth Monday 8:00 P.M. YM-YWCA 
SAVANNAH RIVER 

F. D. R 


eed, 516 Goldman St., North 
Augusta, South Carolina 
Second Wednesday, Dinner at 7:30 P. 


M. North Augusta Legion Post 


SEATTLE 
Frank S. Melder, 2439 76th N. E. Belle- 


vue, Washington 
Second Friday, University of Washing- 
ton, Guggenheim Hal! 7:30 P.M. 

SOUTH TEXAS 


Homer C. Givens, P. O. Box 637, Fal- 
furrias, Texas Tel: 202 
First Thursday, Engineers Club. 

ST. LOUIS 
W. G. Lee, 6935 Ravenscroft Drive, St. 
Louis, Mo. 
First Wednesday After First Monday, 


Meeting at 8 P.M. 
TOLEDO 

Warren G. Myers, 

Toledo 6, Ohio 

Third Tuesday, 8 P.M. Edison Service 

Bidg., W. Delaware Ave., Toledo, Ohio 


2257 Upton Ave., 


TORONTO 
John W. Huether, 311 Sutherland Dr., 
Leaside, Ontario, Canada Tel: HU- 
7114 


Fourth Thursday, Meeting at 8 P.M. 
TULLAHOMA 
Owedia A. Montgomery, P. O. Box 492, 
Tullahoma, Tenn. Tel: 636 
First Tuesday, Meeting at 7:30 P.M. 
TULSA 
G. R. MeDannold, 220 N. 
Okla. 
First Monday, Meeting at 7:30 P.M. 
TWIN CITIES 
John L. Schmidt, 1879 University Ave., 
St. Paul 4, Minn., Tel: Dr 0064 
Dinner at 6:30 P.M., Meeting 7:30 P.M 
WASHINGTON 
Dr. Alfred Henley, American Instru- 
ment Co., 8030 Georgia Avenue, Silver 
Spring, Md. 
Third Monday, Potomac Electric Power 
Co., Auditorium, 8 P.M. 
WAYNE COUNTY 
Clarence Ellison, 2443 15th St., Wyan- 
dotte, Mich., Tel: Avenue 2-4178 
apt Thursday, Casadei’s, 400 S. Fort 
t., Detroit, Mich. & :¢ PI 
WICHITA ich 0 P.M. 
J. W. Rieg, Koch Engineering Co., 123 
8. Charles, Wichita 12, Kan. 
a: 8 P.M., Scientific Bldg. 
John Humphrey, Taylor Instrument 
Companies, R. D. No. 2, Lansdale, Pa. 
Third Tuesday, “Hunt Room”, Hotel 
Rodney, Wilmington, Del., Dinner 6:30. 
P.M. Meeting 8 P.M. 


Boston, Tulsa, 


March 1954 
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how 
MERIAM MANOMETER ACCURACY 


assures a perfect 
atmosphere 





This EF Endothermic Type Special Atmosphere Generator, built by The 

Electric Furnace Company, Salem, Ohio, depends on Meriam Manometer 

accuracy to help produce an atmosphere that prevents decarburization 
of high carbon steel parts during hea? treatment, 


Proper combustion in this huge generator, requires an 
absolute pressure balance downstream of the air filter 
and the gas regulator. This balance is continuously in- 
dicated by the Meriam Manometer on The Electric 
Furnace Co. Endothermic Type Special Atmosphere 
Generator . . . providing essential information for a 
perfect atmosphere. 


Sensitivity, ease of reading, comparative freedom from 
maintenance and manometer accuracy . . . these are the 
features customers tell us they prize most highly in 
Meriam Manometers. 

Whatever your problem relating to pressure or flow 


indication, we believe we can be of service. Drop us a 
line or call your Meriam Technical Representative. 


WESTERN DIVISION: 4760 E. OLYMPIC BLYD., LOS ANGELES 22, CALIF. 
IN CANADA: PEACOCK BROS., LTD., MONTREAL 


10992 Madison Avenue, Cleveland 2, Ohio 


natiumenls. 


ESTABLISHED 1911 





MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 


OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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President: 


W. A. WILDHACK 

U.S. Department of Commerce 
National Bureau of Standards 
Washington 25, D. C. 


Vice-President : 

DeLMAS C, LirTLe 
Army Medical Research 
Laboratory 


Fort Knox, Kentucky 
(Technical Division Committee) 


Treasurer: 


J.T. VOLLBRECHT 

Energy Control Company 
5 Beekman Street 

New York 38, New York 


Society Structure and Planning 
W. G. Brombacher 
U.S. Department of Commerce 
National Bureau of Standards 
Washington 25, D.C. 


Finance 
Fred A. Lennon 
Crawford Fitting Co. 
884 E. 140th Street 
Cleveland 10, Ohio 


Sections and Memberships 
M. 8S. Jacobs 
M. 8S. Jacobs & Associates 
810 Noblestown Rd. 
Carnegie, Pa. 


Employment 
P. V. Jones, Jr. 
Instrument Society of America 
1319 Allegheny Avenue 
Pittsburgh 33, Pa. 


Intersociety Relations 
J.C. Peters 
Leeds & Northrup Company 
4901 Stenton Avenue 
Philadelphia 44, Pa. 
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ISA National Office, 1319 Allegheny Ave., Pittsburgh 33, Pa.—Percy V. Jones, Jr., Manage 


NATIONAL OFFICERS 
NATIONAL COMMITTEES AND CHAIRMEN 


National Officers and Members of the Executive Committee 


First Vice-President: 

WARREN H. BRAND 

Carbide & Carbon Chemicals Co. 

P. O. Box P 

Oak Ridge, Tenn. 

(Recommended Practices 
Division Committee 

Vice-President: 

AXEL H. PETERSON 

Mellon Institute 

4400 Fifth Avenue 


Pittsburgh 13, Pa. 
(Operations Division Committee) 


Past President: 


PorRTER HART 
Dow Chemical Company 
Freeport, Texas 


Vice-President : 

HANSON B. FREEMAN 

Economy Equipment Co. 

4526 Olive Street 

St. Louis 8, Mo. 

(General Relations Division 
Committee) 

Secretary: 

R. T. SHEEN 

Milton Roy Company 

1300 E. Mermaid Lane 

Philadelphia 18, Pa. 

Executive Board Member: 

CHARLES W. CovEY 

Carbide & Carbon Chemicals Co 

P. O. Box 748 

Paducah, Kentucky 


National Committees and Chairmen 


President’s Division 


Nominating 
Ralph D. Webb 
Carbide & Carbon Chemicals Co. 
South Charleston 3, W. Va. 


Operations Division 


Meetings and Exhibits 


A. 8S. Chatfield 

American Meter Company 
1513 Race Street 
Philadelphia, Pa. 


General Relations Division 


Public Relations 


C. W. Eigenbrot 

The Aitkin-Kynett Co. 
1400 South Penn Square 
Philadelphia 2, Pa. 


Government Relations 


Ralph L. Goetzenberger 


Minneapoiis-Honeywell Regulator 


Co. 
714 Norway Drive 
Chevy Chase 15, Maryland 


Educational Committee 


Prof. Robert J. Jeffries 

Dept. of Electrical Engineering 
Michigan State College 

East Lansing, Michigan 


ITERNATIONAL INSTRUMENT CONGRESS 


ANT 


*Constitution, Rules and Procedures 
*Instrument Industry 


Publications 
Charles W. Covey 
Carbide & Carbon Chemicals Co. 
P. O. Box 748 
Paducah, Kentucky 


Historical 
E. C. Rieger 
International Harvester 
Farm Tractor Engineering Dept. 
2626 W. 31st Blvd. 
Chicago 8, Illinois 


Corporate Membership 
H. C. Frost 
Corn Products Refining Company 
201 North Wells Street 
Chicago 6, Illinois 


Chairman to be selected 
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Neil Blair 
Panellit, Inc. 
6312 N. Broadway 


Chicago, Illinois 
‘Research and Development 


Instrument Operation and 
Maintenance 
J.J. Kelley 
American Cyanamide Co. 
Bound Brook, N. J. 


Testing Instrumentation 
H. F. Rondeau 
American Meter Company, Inc. 
920 Payne Avenue 
Erie, Pa. 


Physical Properties Measurement 
Prof. H. C. Roberts 
University of Illinois 
Room 205, Talbot Hall 
Urbana, Illinois 
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‘Tor Your Convenience 
| =~ 

h § A JOURNAL 

| Instrument Society of America 


11319 Allegheny Avenue 
j Pittsburgh 33, Pa. 


| 

jfater a subscription for our Com- 

{pany Library to begin with the 

|current issue. 
0 $5.00 enclosed for one year 


[] Send invoice 





| (If a sift subscription to your com- 
slibrary. A gift subscription 








— city library is a good idea, 


(Above rate good only in 
United States and Canada) 


Technical Division 


Analysis Instrumentation 
. C. Wherry 
Phillips Petroleum Co. 
116 N. Johnstone 
Bartlesville, Okla. 


Instrumentation for Inspection 
and Gaging 
Thomas W. Marshall, Jr. 
RD No. 2, Box 777 
Verona, Pa. 


Instrumentation for Production 
Processes 
R. N. Pond 
Taylor Instrument Companies 
95 Ames Street 
Rochester 1, New York 


Instrumentation for Transportation 
John J. McDonald 
Consolidated Engineering 
35 E. Wacker Drive 
Chicago 1, Illinois 


Aeronautic Instrumentation 
Orrin J. Greenwood 
Aro, Ine. 

Box 89 G, RFD No. 2 
Tullahoma, Tenn. 


Recommended Practices Division 


Recommended Practices 
A. V. Novak 
E. I. du Pont de Nemours & Co., 
Ine. 
2256 Westway 
Orange, Texas 





& NATIONAL COMMITTEES & CHAIRMEN 










Medical Instrumentation 
H. J. Morowitz 
U.S. Department of Commerce 
National Bureau of Standards 
Washington 25, D. C. 


Meteorological Instrumentation 
Louvan E. Wood 
Friez Instrument Division 
Bendix Aviation Corp. 
1400 Taylor Ave. 
Baltimore 4, Maryland 

Nuclear Radiation Instrumentation 
Richard W. Johnston 
Radiation Instrument Branch 
U. S. Atomic Energy Committee 
Washington 25, D. C. 


Geophysical Instrumentation 
S. Kaufman 
Shell Development Co. 
3737 Bellaire Blvd. 
Houston 25, Texas 
Computer Data Handling 
E. W. Burdette 
Carbide & Carbon Chemicals Co. 
P. O. Box P 
Oak Ridge, Tenn. 


*Chairman to be selected 





Are You Wearing Your 





ISA Emblem Lapel Button? 


All ISA members are urged to wear the Society's attractive gold 
lapel button designed in the shape of the official ISA emblem; 
inlaid with white enamel and approximately one-half inch high. 


Gold-filled button $2. 


Gold-plated button $5. 


A beautifully designed gold-filled tie-clasp is also available. The 
Society emblem is suspended in the form of a key and priced at $5. 
IF YOU DON’T HAVE A BUTTON — 

ORDER YOURS TODAY 


INSTRUMENT SOCIETY OF AMERICA 
1319 Allegheny Avenue — Pittsburgh 33, Pa. 


Please send me the following official ISA jewelry I have checked below. 
Payment for the amount checked is enclosed. 


[) Gold-filled Lapel Button 
[] Gold-plated Lapel Button 


[] Tie-clasp with chain and gold-fille 


NAME 


‘PLEASE PRIN1 


ADDRESS 
COS Waa ; 
MEMBER OF SECTION 


....$2.00 

Pa Py SEES BF ee $5.00 

d official ISA emblem $5.00 
STATE 
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The most interesting thing to 
most people — is other people 


R. F. Painter, member of the Pres- 
que Section and formerly assistant to 
director of Research and Development 
at the Copes-Vulcan Corporation, has 
started his own organization called the 
United Boiler and Engineering Com- 
pany. 

=if$A~ 

E. Klein, Chief Applications Engi- 
neer of Richardson Scale Company 
and a member of the New Jersey Sec- 
tion, is leaving for Italy the end of 
March to become the company’s Euro- 
pean Manager. His address will be, 
Presse Fogagnolo, Via Palestrina 20, 
Milano, Italy. 

~1saA— 

Bill Boyle, member of the St. Louis 
Section has been transferred to Shell 
Oil Company’s new refinery at Puget 
Sound, Washington. 


—!ISA— 


Bill Kostiw of the New York Sec- 
tion has returned from his second hitch 
in the Navy and is now back in the 
fold after an absence of one and one 
half years. 

—IiSaA— 

“Andy” Anderson (a Past-President 
and National Delegate of the Los An- 
geles Section) flew to Portland, Ore- 
gon and helped to organize a new ISA 
Section with an initial enrollment of 


40 members. 
—!ISA— 


H. E. Hanson, W. H. Shellenberger, 
and R. H. Gray have returned from 
England, Italy, and Japan, respective- 
ly, where they have been for some 
months in connection with new plant 
start-ups. 


—!SA— 


C. E. Beleerzak has been made Chief 
Instrument Engineer, National Lead 
Company, “redricktown, Missouri. 


RICHARDS 
PYROMETER 
SUPPLIES 


Control Temperatures 
More Closely 
Reduce Cost — Sie Time 








Catalog No. 5 shows you how! 
Get your free copy today! 


eThermocouples Protection Tubes 
eThermocouple Wire Lead Wire 
elnsulators ¢Pyrometers 


Low prices for top quality 
Prompt shipment from stock 


ARKLAY S. RICHARDS CO., Inc. 


10 Winchester St. 
Newton Highlands 61, Mass. 


























Technical Literature of IJuterent 


by GEORGE F. GARDNER 3 





44. “ATMOSPHERIC POLLUTION” Louis C. 
McCabe; Industrial and Engineering 
Chemistry Vol. 45—No. 10, pp 109A-110A, 
Oct. 1953. Stresses present day possibili- 
ties for selecting methods and instruments 
suitable for measuring most types of at- 
mospheric pollution. Includes tabulation 
of analytical methods and equipment used 
for determining common air pollutants. 


45. “FEEDBACK THEORY—SOME PROPER- 
TIES OF SIGNAL FLOW GRAPHS” 
Samuel J. Mason; Proc. IRE Vol. 41—No. 
9, pp 1144-1156, Sept. 1953. The equations 
characterizing a systems problem may be 
expressed as a network of directed 
branches. (The block diagram of a servo- 
mechanism is a familiar example). A 
study of the topological properties of such 
graphs leads to techniques which have 
proven useful, both for the discussion of 
the general theory of feedback and for the 
solution of practical analysis problems. 


46. “PRECISION RECORDING REFRACTO- 
METER FOR CHROMATOGRAPHIC AN- 
ALYSIS” Nelson R. Trenner, Charles W. 
Warren and Stanley L. Jones; Analytical 
Chemistry Vol. 25—No. 11, pp 1685-1690, 
Nov. 1953. Describes instrument developed 
to continuously plot refractive index 
changes relative to any reference state in 
non-opaque liquid streams, against mass of 
the liquid. 


47. “AUTOMATIC COMBUSTION APPARA- 
TUS FOR DETERMINATION OF SUL- 
FUR AND HALOGEN” Theodore T. 
White, Carl J. Penther, Philip C. Tait and 
Francis R. Brooks; Analytical Chemistry 
Vol. 25—No. 11, pp 1664-1668, Nov. 1953. 
Describes an automatic quartz tube com- 
bustion apparatus developed for the deter- 
mination of sulfur and halogens in organic 
materials. Device automatically burns 
each sample at maximum safe rate and 
from 15 to 25 analyses per 8-hour day can 
be made. 


48. “THE INFLUENCE OF SULFURIC ACID 
UPON THE DEW POINT OF COMBUS- 
TION GASES” George A. Fearn, Jr., and 
William Tessin; Journal of the American 
Society of Naval Engineers Vol 65.—No. 4, 
pp 753-763, Nov. 1953. Shows how the 
highest dew point of the combustion gases 
from sulphur bearing fuels may be pre- 
dicted. Twelve references. 


49. “SULFUR IN FUELS AND DEW POINT 
OF FLUE CASES” W. Gumz; Combustion 
Vol. 25—No. 5, pp 53-54, Nov. 1953. Dis- 
cussion of effect of sulfur on the dew 
point. Bibliography—twenty-six references, 


50. “SURVEY OF INVESTIGATIONS OF 
EFFECT OF SPECIMEN THICKNESS ON 
ROCKWELL TESTS” R. H. Heyer and 
V. E. Lysaght; ASTM Bulletin No. 193, 
pp 32-39, Oct. 1953. Recommendations 
and suggestions for Rockwell measure- 
ments on ferrous and non-ferrous mater- 
ials with bibliography of eight references. 


51. “PORTABLE EQUIPMENT FOR BAL- 
ANCING HEAVY ROTATING MA- 
CHINERY” C. A. Mason; BTH Activities 
(Rugby) Vol. 24—No. 5, pp 117-120, Sept.- 
Oct. 1953. Short description of balancing 
equipment measuring vibration amplitude 
and phase, developed particularly for large 
turbo-alternators. 


52. “POLYCATHODE COUNTER TUBE AP- 
PLICATIONS” J. H. L. McAsulan and 
J. K. Brimley; Electronics Vol. 26—No. 
ll, pp 138-141, Nov. 1953. Describes use 
of decade scaler units involving 1 polycath- 
ode counter tube and 1 coupling tube. 


53. “BRIDGES MEASURE TRANSISTOR 
PARAMETERS” L. J. Giacoletto; Elec- 
tronics Vol. 26—No. 11, pp 144-147, Nov. 
1953. Description of special bridge cir- 
cuits to measure admittance parameters 
to specify transistor small-signal opera- 
tion. 

54. “RADIATION MONITOR PROTECTS 
LAB WORKERS” R. H. Delgado; Elec- 
tronics Vol. 26—No. 11, pp 150-153. Hand 
and foot counter with changeable scaling 
factor to permit conversion from beta and 
gamma to alpha monitoring. 


55. “STEP-SWITCH CONVERTER  DIGI- 
TIZES ANALOG DATA” R. R. Bennett 
and H. Low; Electronics Vol. 26—No. 11, 
pp 164-165, Nov. 1953. Short description 
of device for converting analog voltages 
to digital information. 
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“WIDE RANGE VACUUM GAGE gal | gece 
ton B. Sibley and Jonathan R. Rote t | 
Electronics Vol. 26—No. 11, pp 11¢—) | meni 
Nov. 1953. Linear cold-cathode min inter 
type gage to measure gas p 1 
1000 to 0.0001 millimeters Hg. gid Tile 
“ZERO INTERCEPT PHASE Comps ' = 
SON METER” Y. P. Yu; E a) eont hat 
26—No. 11, pp 178-180, Nov. 1953, § ol ¢ 
meter using novel comparator + neh 
determine zero-axis intercept of wml g histor 
forms. Frequency up to 100 ke, | cider pre 
“MOVABLE-ANODE TUBE GAGES 1,456 
FACE ROUGHNESS” Joseph B. B 

Electronics Vol. 26—No. 11, pp 1814 A desc 
Pickup stylus coupled to movable . A 
RCA 5734 electro-mechanical q 

tube as used in “Surfagage” developed direc 
General Motors. | instrumet 
“THE ISODYNAMOMETER” J. py 
Engineering (London) Vol. 176—No, Gy power in 
pp 665-667, Nov. 20, 1953. Description ¢ ; 
‘“Isodynamometer” technique, a creep am 
pensating scheme ny use with 

models to obtain the forces and momay 

in the members of the respective pnp corder co 
types. Five references. Sag 
“PULSE-HEIGHT ANALYZER” J yj & @ 
Thomas, V. V. Verbinski and Wj] mem 
Stephens; The Review of Scientific psi supp! 
struments Vol. 24—-No. 11, pp 1017-1 No, 1,896 
Nov. 1953. Describes a pulse anale} Ap sir 
utilizing pulse amplitude to time type leve 
sion and recording on Teledeltos tapes]! jor on-of 
that each individual pulse is 

on the chart by a digital record of its pie 

height. ES 
“THEORY OF THE MANOMETER 
CELEROMETER” Douglas Steen 

Donald Casey; The Review of 





Instruments Vol. 24—No. 11, pp 1 
Nov. 1953. Mathematical trea’ 
the performance of U- and O-tube 
meters as accurate and sensitive 
meters. Experimental data su 
the theory are given. by 


“A MICROBALANCE FOR THE 
MINATION OF PROTEIN 
DENSITIES” F. M. Richards; The 
of Scientific Instruments Vol. 24--No ll 
pp 1029-1034, Nov. 1953. Description 
construction of a balance using @ 

pyrex fiber mounted as a deflecting 

tilever. Range is in the order of 0% 
100 micrograms. , 


“LOW PRESSURE CLOUD CH 
Robert G. Mills; The Review of 
Instruments Vol. 24—No. 11, pp 104 
Nov. 1953. Description of a 
the study of low-energy ionizing 


“CLOUD CHAMBER FOR THE ST 
OF PARTICLES OF LOW ENERGT 
C. Merkleand and J. L. Need; The 

of Scientific Instruments Vol. No, 
pp 1051-1054, Nov. 1953. A cloud 

ber with a magnetic selection 
low-energy particles is discussed. 
nical aspects of shielding, expansion, 
anism, sweeping field, and pe 
troubles are included. 


“QAMMA-RAY ENERGY RFSOLUDS 
WITH Nal-T1l SCINTILLATION Si 
TRUMETERS” C. J. Borkowski and B® 
Clark; The Review of Scientific Ia) 
ments Vol. 24—No. 11, pp 1046-1050, 

1953. Description of method for 
ing and mounting Nal-TII crystals 
scintillation spectrometers | whi 
high optical efficiency, stability, 
gamma-ray energy resolution. 


“APPARATUS FOR THE 
MENT OF THERMAL CONDUC? 
OF SOLIDS” James L. Weeks and 
L. Seifert; The Review of 
struments Vol. 24—No. 11, pp 1 a 
Apparatus for small samples. (0.187: 
0.187 by 1.75 inches) operating 
range 40 C to 100 C. 


“DETERIORATION OF BORON 
FLUORIDE COUNTERS DUE TO 
COUNTING RATES” Robert K. So 
man,, Serge A. Korff, Stephen Ss. ie 
land and Henry S. Katzenstein; 

view of Scientific Instruments : 
No. 11, pp 1058-1060, Nov. 1 
data on performance of counter ¥ “¥ 
at high counting rates (appro® “dade ; 
10° counts per minute) and D an in 
theory to explain deterioration. 
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“Instrument Patents 
And Notes 


By Morris G. Moses 


% below are patents granted 
recently in the field of instru- 
mentation which we feel are of 
'jaterest to our readers: 
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APRIL, 1954 


American Society of Lubrication Engineers, 
Annual Meeting and Exhibit, Cincinnati, Ohio, 
Netherland-Plazi Hotel. For information 
write William P. Youngclaus, Jr., Administra- 
tive Secretary, 84 East Randolph St., Chicago 
1, Illinois. 

American Institute of Mining and Metallurgical 
Engineers, Open Hearth Conference and Blast 
Furnace, Coke Oven and Raw Materials Con- 
ference, Chicago, Illinois, Palmer House. For 
information write H. N. Appleton, Convention 
Manager, 29 West 39th Street, New York 18, 
N. Y. April 5-7. 

National Packaging Exposition, Atlantic City, 
N. J., Atlantic City Auditorium. For informa- 
tion write Clapp and Poliak, 341] Madison Ave., 
New York 17, N. Y. April 5-8. 

American Crystallographic /Assoviation, Nation- 
al Meeting, Cambridge, Mass., Harvard Uni- 
versity. For information write E. W. Hughes, 
President, California Institute of Technology, 
Pasadena 4, Calif. April 5-9. 

Seciety of Automotive Engineers, National 
Aeronautic ‘Meeting, Aernautic Production 
Forum and Aircraft Engineering Display. For 
information write W. W. Milne, Business 
Manager, Meeting Division, 29 West 39th 
Street, New York 18, N. Y. April 12-15. 


Society Fer Experimental Stress Analysis. 
Spring Meeting, Cincinnati, Ohio, Netherlands 
Plaza Hotel. For information write N. A. 
Paris, P. O. Box 168 Central Square Station, 
Cambridge 39, Mass. April 14-16. 


American Institute of Electrical Engin<ers 
Southern Textile Conference, Atlanta, Georgia, 
Georgia Institute of Technology. For informa- 
tion write Headquarters, 33 West 39th Street, 


New York 18, N. Y. April 15-16. 


American Institute of Electrical Engineers, 
Conference on Feedback Control, Atlantic City, 
New Jersey, Claridge Hotel. For information 
write Headquarters, 33 West 39th Street, New 
York 18, N. Y. April 22-23. 


Berkeley Division of Beckman 
Instruments, Inc 
Geo. C. McNutt, Advertising 


Bourns Laboratories 
The McCarty Company 


Conoflow Corporation 
The R. G. E. Ullman Organization 


Falstrom Company 
George Homer Martin Associates 


Hammel-Dah! Company 


Frank H. Deane Advertising 
Kieley & Mueller, Inc. 
h 


omas R. Sundheim 


The Meriam Instrument Company 
The Bayless-Kerr Company 
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Institute of Radio Engineers, 8th Annual Tel-- 
vision Conference, Cincinnati, Ohio. For in- 
formation write E. K. Gannett, Administrative 
Editor, 1 East 79th Street, New York 21, N. Y. 
April 24. 


American Society of Tool Engineers, 10th Bi- 
ennial Industrial Exposition, Philadelphia, Pa., 
hiladelphia Museum and Convention Hall. For 
information write Harry E. Conrad, FExecu- 
tive Secretary, 10700 Puritan Avenue, Detroit 
21, Mich. April 26-30. 


Association of Consulting Chemists and Chem- 
ical Engineers, Symposium and Banquet, New 
York City, Hotel Belmont Plaza. For informa- 
tion write A. B. Bowers, Director of Publicity, 
50 East 41st Street, New York 17, N. Y. April 
27. 

American Physical Society, Washington, D. C. 
For information write K. K. Darrow, Columbia 
University, New York 27, N. Y. April 29-May 
1. 

MAY, 1954 


Scientific Apparatus Makers Association, 36th 
Annual Meeting, The Broadmoor, Colorado 
Springs, Colorado. For information write Ed- 
ward J. Albert, President, SAMA, care of 
Thwing-Albert Instrument Company, Philadel- 
phia, Pa. May 2-6. 


Electrochemical Society, Semi-annual Meeting, 
Chicago, Illinois, LaSalle, Hotel. For informa- 
tion write Henry B. Linford, Secretary, 216 
West 102nd St., New York 25, N. Y. May 2-6. 


Society of Motion Picture and Television En- 
gineers, 75th Convention, Washington, D. C., 
Hotel Statler. For information write John W. 
Servies, Convention Vice Pres., 40 West 40th 
St., New York 18, N. Y. May 2-7. 


Association of Iron and Steel Engineers, Spring 
Conference, Philadelphia, Penna., Belleview- 
Stratford Hotel. For information write T. J. 
Ess, Managing Director, Empire Building, 
Pittsburgh 22, Penna. May 3-5. 


Institute of Radio Engineers—American Insti- 
tute of Electrical Engineers—Radio, Electron- 
ics, and Television Manufacturers Assoc., Joint 
Electronic Components Symposium, Washing- 
ton, D. C., U. S. Department of the Interior 
Auditorium. For information write E. . 
Gannett, Administrative Editor, 1 East 79th 
St., New York 21, N. Y. May 4-6. 


American Institute of Industria] 
National Convention, Louisville, 
information write R. G. Youn 
Box 957, Louisville, Kentucky, May 

Institute of Radio Engineers, New 

Radio Engineering Meeting, Boston, 

Sheraton Plaza Hotel. For info 1 

E. K. Gannett, Administrative 

79th St., New York 21, N. Y. May 


Institute of Radio Engineers, Ai 
tronics Conference, Dayton, Ohio. 
mation write E. K. Gannett, Admi 
Editor, 1 East 79th St., New “York 9 
May 10-12 (Tentative Date) . 
American Institute of Chemists, An - 
ing, Asbury Park, N. J., Berke 
Hotel. For information write 
Doren, 60 East 42nd St., New York 1% 
May 12-14. 

American Institute of Chemical 
National Meeting, Springfield, 
Kimball. For information write F, 
Monsanta Chemical Company, 812 
Ave., Springfield, Mass. May 16-19)08 
American Institute of Electrical . 
Appliance Technical Conference, Chi 
nois, Morrison Hotel. For inforn 
Headquarters, 33 West 39th St., New 
N. Y. May 17-19. . 
1954 Electronic Parts Show, Chicago, 
Conrad Hilton Hotel. For informal 
Kenneth C. Prince, General Man 
1500, 11 South LaSalle St., Chicago 3) 
May 17-20. a 
Operations Research Society of A 
nual Meeting, Chicago, Ill, Edg 
Hotel. For information write T. E. © 
704 Argyle Ave., Flossmoor, Il. 


SEPTEMBER, 1954 ; 
Instrument Society of America, First 
national Instrument Congress and Expo 
Philadelphia, Pa., Philadelphia Mi 
Convention Hall. For information 
Jones, Jr., Society Manager, 1319 Al 
Ave., Pittsburgh 33, Pa. Sept. 13-24 4 


s 





It is suggested that g 
planning special confe 
symposia, or exhibits of i 
to ISA members, forward 
mation concerning pote 
topics and dates early in @ 
planning, so that ISA Nat 
Headquarters may assist ini 
venting undesirable conflicts. 

Please forward informat 
P. V. Jones, Jr., Society 
ager, Instrument Society 
America, 1319 Allegheny 
nue, Pittsburgh 33, Pa. 








Milton Roy Company 


Harris D. McKinney tnc 


Minneapolis-Honeywell 


Brown Instruments 
The Aitkin-Kynett Company 


Samuel Moore & Company 


Palm & Patterson, Inc 


Panalarm Products, Inc. 
Thomas R. Sundheim 


Arkley S. Richards Co., Inc. 


Cory Snow, Inc 


Weston Electrical Instrument Corporation 
CG. M. Basford Company 
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